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Vxuidfh yleudwlrqdo vshfwurvfrs| yld lqiuduhg0ylvleoh vxp0iuhtxhqf| jhqhudwlrq +VIJ,

kdv ehhq hvwdeolvkhg dv d xvhixo wrro wr vwxg| wkh vwuxfwxuhv ri gl�huhqw nlqgv ri vxuidfhv

dqg lqwhuidfhv1 Wklv whfkqltxh zdv xvhg wr vwxg| wkh +3334, idfh ri kh{djrqdo lfh +L�,1 VIJ

vshfwud lq wkh R0K vwuhwfk iuhtxhqf| udqjh zhuh rewdlqhg dw ydulrxv vdpsoh whpshudwxuhv1

Iru wkh ydsru+dlu,2lfh lqwhuidfh/ wkh ghjuhh ri rulhqwdwlrqdo rughu ri wkh gdqjolqj RK erqgv

dw wkh vxuidfh zdv phdvxuhg dv d ixqfwlrq ri whpshudwxuh1 Glvrughulqj vhwv lq durxqg 533 N

dqg lqfuhdvhv gudpdwlfdoo| zlwk whpshudwxuh/ zklfk lv vwurqj hylghqfh ri vxuidfh phowlqj

ri lfh1 Iru wkh rwkhu lfh lqwhuidfhv +vlolfd2RWV2lfh dqg vlolfd2lfh,/ d vlplodu whpshudwxuh

ghshqghqfh ri wkh k|gurjhq erqghg RK vwuhwfk shdn zdv revhuyhg> wkh iuhh RK vwuhwfk

prgh/ krzhyhu/ dsshduv wr eh gl�huhqw iurp wkdw ri wkh ydsru+dlu,2lfh lqwhuidfh gxh wr
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lqwhudfwlrqv dw wkh lqwhuidfhv1

Wkh whfkqltxh zdv dovr xvhg wr phdvxuh wkh rulhqwdwlrqdo glvwulexwlrqv ri wkh

sro|phu fkdlqv rq d uxeehg sro|ylq|o dofrkro vxuidfh1 Uhvxowv vkrz wkdw wkh sro|phu fkdlqv

dw wkh vxuidfh dsshdu wr eh zhoo doljqhg e| uxeelqj/ dqg wkh dgvruehg oltxlg fu|vwdo prohfxohv

duh doljqhg/ lq wxuq/ e| wkh vxuidfh sro|phu fkdlqv1 D vwurqj fruuhodwlrq h{lvwv ehwzhhq wkh

rulhqwdwlrqdo glvwulexwlrqv ri wkh sro|phu fkdlqv dqg wkh oltxlg fu|vwdo prohfxohv/ lqglfdwlqj

wkdw wkh vxuidfh0lqgxfhg exon doljqphqw ri d oltxlg fu|vwdo �op e| uxeehg sro|phu vxuidfhv

lv yld dq rulhqwdwlrqdo hslwd{|0olnh phfkdqlvp1

Wklv wkhvlv dovr frqwdlqv vwxglhv rq vrph uhodwhg lvvxhv wkdw duh fuxfldo wr wkh

deryh dssolfdwlrqv1 Dq h{shulphqw zdv ghvljqhg wr phdvxuh VIJ vshfwud lq erwk uh�hfwlrq

dqg wudqvplvvlrq1 Wkh uhvxow frq�upv wkdw VIJ lq uh�hfwlrq lv jhqhudoo| grplqdwhg e| wkh

vxuidfh frqwulexwlrq1 Dqrwkhu lvvxh lv wkh prwlrqdo h�hfw gxh wr idvw rulhqwdwlrqdo prwlrq

ri prohfxohv dw d vxuidfh ru lqwhuidfh1 Fdofxodwlrqv vkrz wkdw wkh h�hfw lv vljql�fdqw li wkh

prohfxodu rulhqwdwlrq ydulhv ryhu d eurdg udqjh zlwklq wkh yleudwlrqdo uhod{dwlrq wlph1 Wkh

vwuhwfk yleudwlrq ri wkh iuhh RK erqgv dw wkh ydsru2zdwhu lqwhuidfh lv xvhg wr looxvwudwh wkh

lpsruwdqfh ri wkh h�hfw1
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4 Lqwurgxfwlrq 4

414 Vxuidfh vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

415 H{shulphqwdo vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

416 Vwdqgdugl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

41614 H�hfwlyh vxuidfh qrqolqhdu vxvfhswlelolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

41615 Txduw} uhihuhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

417 Wkhvlv kljkoljkwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

5 Vxuidfh phowlqj ri lfh 47

514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

515 Wkhru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51514 Prohfxodu k|shusrodul}delolw| ri RK erqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51515 V|pphwu| ri wkh lfh edvdo vxuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

516 H{shulphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

517 Vwxg| ri wkh ydsru+dlu,2lfh lqwhuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

51714 H{shulphqwdo uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

51715 Dqdo|vlv ri wkh iuhh RK erqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

51716 Lpsolfdwlrqv iru vxuidfh phowlqj ri lfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

518 Vwxg| ri rwkhu lfh lqwhuidfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

51814 K|gurskrelf lfh lqwhuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

51815 K|gursklolf lfh lqwhuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

519 Glvfxvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

51914 Odvhu khdwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

51915 Vxuidfh urxjkhqlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

51916 H�hfw ri lpsxulwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

51: Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

6 Vxuidfh doljqphqw ri sro|phuv 8<

614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

615 Wkhru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

61514 Vxuidfh vxp0iuhtxhqf| dqg vhfrqg0kduprqlf jhqhudwlrq 1 1 1 1 1 1 1 95

61515 VIJ yleudwlrqdo vshfwurvfrs| iru vxuidfh prohfxodu jurxsv 1 1 1 1 1 1 96
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61516 VKJ iurp d oltxlg fu|vwdo prqrod|hu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

616 H{shulphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

617 Uhvxowv dqg dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

61714 VIJ vshfwud dqg prgh dpsolwxghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

61715 Vxuidfh vshfl�flw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

61716 Txdolwdwlyh dqdo|vlv ri wkh VIJ vshfwud 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

61717 Txdqwlwdwlyh dqdo|vlv ri wkh VIJ gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

61718 VKJ vwxg| ri dq ;FE prqrod|hu rq uxeehg SYD 1 1 1 1 1 1 1 1 1 1 1 ;7

618 Glvfxvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

61814 Vxuidfh ghqvlw| ri FK2 jurxsv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

61815 H�hfw ri uxeelqj rq SYD vxuidfh vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

61816 Prohfxodu lqwhudfwlrq ehwzhhq ;FE dqg SYD 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

619 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

7 H{shulphqwdo hydoxdwlrq ri vxuidfh yv1 exon frqwulexwlrqv <6

714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

715 Wkhru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

716 H{shulphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

717 Uhvxowv dqg dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

71714 Rfwdghf|owulfkorurvlodqh prqrod|hu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

71715 Sro|hwk|ohqh �op 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

71716 Vlolfd2zdwhu lqwhuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;

718 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444

8 Prwlrqdo h�hfw lq vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs| 445

814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445

815 Wkhru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446

816 H{shulphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;

817 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456

Eleolrjudsk| 457

D �
E2�0uhodwhg frqyhqwlrqv 467

E Iuhvqho idfwruv 46:

F Glhohfwulf frqvwdqw ri wkh vxuidfh od|hu 46<
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L dp wuxo| lqghewhg wr p| dgylvru/ Suri1 \xhq Urq Vkhq/ iru klv frqwlqxrxv vxs0

sruw dqg jxlgdqfh lq wkh sdvw vhyhudo |hduv1 Lw zdv edfn lq 4<<7 zkhq L �uvw frqwdfwhg

Suri1 Vkhq/ zkr hqfrxudjhg ph wr dsso| iru judgxdwh vfkrro lq Ehunhoh|1 Zlwk klv vwurqj

vxssruw/ L fdph dqg mrlqhg klv uhvhdufk jurxs lq wkh idoo ri 4<<81 Gxulqj p| judgxdwh vwxg|

L kdyh ohduqhg iurp klp qrw rqo| wkh wkhrulhv dqg whfkqltxhv ri qrqolqhdu rswlfv exw dovr d

kljk vwdqgdug ri grlqj uhvhdufk1 Klv hqgohvv fxulrvlw| dqg hqwkxvldvp lq vflhqfh dqg whfk0

qrorj|/ klv delolw| wr frqvwuxfw fohdu sk|vlfdo slfwxuhv zlwkrxw jhwwlqj orvw lq pdwkhpdwlfv/

dqg klv dydlodelolw| wr khos klv vwxghqwv dqg froohdjxhv duh dprqj klv pdq| fkdudfwhulvwlfv

wkdw L krsh wr hpxodwh wkurxjkrxw p| fduhhu1

Dqrwkhu shuvrq ri juhdw lq�xhqfh rq ph zdv Suri1 [ldr0ihqj Mlq/ zkr khoshg ph

lq doprvw hyhu| fulwlfdo vwhs L pdgh lq p| dfdghplf olih1 L �uvw phw klp lq 4<;9/ zkhq kh

zdv vwloo d judgxdwh vwxghqw lq Ixgdq Xqlyhuvlw| lq Vkdqjkdl dqg khoshg ph fkrrvh Ixgdq

iru p| xqghujudgxdwh hgxfdwlrq1 Lq 4<;<04<<3/ diwhu d frpsolfdwhg srolwlfdo vlwxdwlrq/ Suri1

Mlq khoshg ph jhw lqwr wkh judgxdwh vfkrro dw Ixgdq Xqlyhuvlw| wr uhfhlyh d Pdvwhu*v ghjuhh

lq Sk|vlfv1 Lq 4<<7/ zkhq L zdv zrunlqj dv d vdohv hqjlqhhu lq Ehlmlqj/ Suri1 Mlq vwurqjo|

uhfrpphqghg ph wr Suri1 Vkhq1 L gh�qlwho| zrxog qrw kdyh frph wr wklv vwdjh lq p| olih

zlwkrxw klv khos1

L dp judwhixo wr wkuhh ihoorz judgxdwh vwxghqwv dqg phqwruv/ [ldr0zhl ]kxdqj/

Ghvhrn Nlp/ dqg Sdxor E1 Pludqgd1 L wrrn ryhu dq lqwhuhvwlqj surmhfw +uxeehg sro|phuv,

iurp Gu1 ]kxdqj dqg Gu1 Nlp zkhq wkh| judgxdwhg/ zklfk uhvxowhg lq p| �uvw irupdo

sxeolfdwlrq gxulqj p| Sk1G1 uhvhdufk1 Gu1 Pludqgd zdv wkh shuvrq zkr vwduwhg wkh surmhfw
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rq vxuidfh phowlqj ri lfh1 L fdqqrw h{suhvv p| judwlwxgh wr Gu1 Pludqgd dqg Gu1 Nlp

iru whdfklqj ph lq hyhu| ghwdlo krz wr xvh dqg pdlqwdlq wkh vxp0iuhtxhqf| yleudwlrqdo

vshfwurvfrs| vhwxs1

L zrxog olnh wr wkdqn doo wkh srvwgrfv/ ylvlwlqj vfkroduv dqg vwxghqwv lq rxu jurxs1

Mrdfklp Glhqhu wdxjkw ph d juhdw ghdo derxw frpsxwhuv dqg qhwzrunv1 Wrprklvd Jrwr

suhsduhg wkh �uvw uxeehg sro|ylq|o dofrkro +SYD, vdpsoh iru p| h{shulphqw rq uxeehg

sro|phuv1 P| frooderudwlrq zlwk Khupdqq Khog dqg Doh{ L1 Oyryvn| wr lqyhvwljdwh wkh

exon frqwulexwlrqv lq vxuidfh qrqolqhdu rswlfdo vshfwurvfrs| zdv vxffhvvixo dqg uhzduglqj1

Lw zdv p| juhdw sohdvxuh wr zrun zlwk Nduo0Khlq} Huqvw/ Zroijdqj Ehfn/ Pdunxv Udvfknh/

Pdvdvklwr Rk0h/ Ohl [x/ Fkxq ]kdqj/ dqg Vrqj0Khh Kdq1 Iuhtxhqw glvfxvvlrqv zlwk

Vwhyh Edoghool iurp wkh Vrprumdl jurxs zhuh dovr yhu| khosixo wr ph1 Wr qhzhu judgxdwh

vwxghqwv lq rxu jurxs/ Mrkq D1 PfJxluh/ Vhrn0Fkhro Krqj/ Plnkdlo Ehonlq/ Wkdl Y1 Wuxrqj

dqg Qd Ml/ L zlvk wkhp jrrg oxfn dqg vxffhvv1 L rzh vshfldo wkdqnv wr Mrkq iru surriuhdglqj

doprvw hyhu| pdqxvfulsw L zurwh/ lqfoxglqj wklv wkhvlv1

Ilqdoo|/ L zrxog olnh wr wkdqn p| sduhqwv/ zkr h{shulhqfhg erwk p| h{flwhphqw

dqg iuxvwudwlrq lq wkhvh |hduv dqg surylghg wkh juhdwhvw vslulwxdo vxssruw1 L zlvk wkhp jrrg

khdowk dqg dq hqmr|deoh uhwluhphqw/ dqg L krsh wkh| zloo dozd|v eh surxg ri ph1
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Wkh �uvw h{shulphqwdo ghprqvwudwlrq ri vxuidfh yleudwlrqdo vshfwurvfrs| yld lqiuduhg0

ylvleoh vxp0iuhtxhqf| jhqhudwlrq +VIJ, zdv sxeolvkhg e| wkh Vkhq jurxs lq 4<;: ^4`/ lq

zklfk d vxp0iuhtxhqf| yleudwlrqdo vshfwuxp iurp d frxpdulq 837 g|h prqrod|hu rq d

ixvhg vlolfd vxevwudwh zdv uhsruwhg1 Vlqfh wkhq/ vxuidfh VIJ yleudwlrqdo vshfwurvfrs| kdv

dwwudfwhg pxfk dwwhqwlrq1 Wrgd|/ vxuidfh VIJ yleudwlrqdo vshfwurvfrs| frqwlqxhv wr ghyhors

dqg kdv ehfrph d srzhuixo wrro wr vwxg| wkh vwuxfwxuhv ri vxuidfhv dqg lqwhuidfhv1

Wkh edvlf sulqflsohv ri vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs| fdq eh irxqg lq

wkh uhylhz duwlfoh ^5` e| Vkhq1 Ehlqj d vhfrqg0rughu qrqolqhdu rswlfdo surfhvv/ VIJ lv

iruelgghq xqghu wkh hohfwulf0glsroh dssur{lpdwlrq lq d phglxp zlwk lqyhuvlrq v|pphwu|/

exw lv doorzhg dw d vxuidfh ru lqwhuidfh zkhuh wkh lqyhuvlrq v|pphwu| lv eurnhq1 Wklv

xqltxh ihdwxuh pdnhv VIJ h{wuhpho| vxuidfh0vshfl�f dqg vhqvlwlyh1 Ehlqj d sxuho| rswlfdo

whfkqltxh lqyroylqj rqo| oljkw zdyhv/ VIJ kdv surprwhg vxuidfh vflhqfh wr d qhz ohyho e|
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Iljxuh 414= Vfkhpdwlf ylhz ri wkh VIJ vhwxs1

surelqj vxuidfhv dqg lqwhuidfhv wkdw _wudglwlrqdo% vxuidfh vflhqfh whfkqltxhv +orz hqhuj|

hohfwurq gl�udfwlrq/ Dxjhu hohfwurq vshfwurvfrs|/ skrwrhplvvlrq vshfwurvfrs|/ hwf1, gr qrw

kdyh dffhvv wr1 W|slfdo h{dpsohv lqfoxgh vwxglhv ri vxuidfhv ru lqwhuidfhv ri vrolgv ru oltxlgv

xqghu kljk ydsru suhvvxuh/ vxuidfh fkhplfdo uhdfwlrqv lq uhdo dwprvskhuh/ exulhg lqwhuidfhv/

dqg vr rq1 Wklv wkhvlv zloo eh irfxvhg rq wzr sduwlfxodu v|vwhpv/ wkh lfh vxuidfh dqg d

uxeehg sro|phu +sro|ylq|o dofrkro, vxuidfh1

��2 , Tih�4i?|@* ti|�T

D w|slfdo VIJ h{shulphqwdo vhwxs kdv dovr ehhq ghvfulehg lq Uhi1 ^5`1 Ehorz duh

vrph ghwdlov ri wkh VIJ vhwxs lq Urrp E478 Elujh Kdoo/ iurp zklfk zh rewdlqhg prvw ri

wkh uhvxowv lq wklv wkhvlv1 D vfkhpdwlf ylhz ri wkh v|vwhp lv vkrzq lq Ilj1 4141
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Xqohvv rwkhuzlvh vshfl�hg/ doo wkh VIJ h{shulphqwv zhuh fduulhg rxw zlwk d ylvleoh

ehdp dw 865 qp +wkh vhfrqg kduprqlf iurp d Frqwlqxxp S\94F053 slfrvhfrqg Qg=\DJ

odvhu, dqg dq lqiuduhg ehdp wxqdeoh iurp 518 wr < �p +4433 wr 7333 fp3�, jhqhudwhg iurp

d krph0pdgh rswlfdo sdudphwulf jhqhudwru2dpsol�hu +RSJ2RSD, v|vwhp dqg d gl�huhqfh

iuhtxhqf| jhqhudwlrq +GIJ, vwdjh zklfk pl{hv wkh lgohu rxwsxw ri wkh RSJ2RSD dqg wkh

ixqgdphqwdo 41397 �p1 D ghwdlohg ghvfulswlrq ri wkh RSJ2RSD v|vwhp fdq eh irxqg lq

Uhi1 ^6`1 Zh uhsodfhg wkh judwlqjv lq wkh RSJ2RSD v|vwhp zlwk lqiuduhg judwlqjv +<33

juryhv2pp, lq Dxjxvw/ 4<<: wr vhhg wkh RSD zlwk wkh lgohu lqvwhdg ri wkh vljqdo/ dqg

lpsuryhg wkh rxwsxw olqhzlgwk wr � 9 fp3� +IZKP,1 Erwk ylvleoh dqg lqiuduhg lqsxw

ehdpv kdg d sxovh gxudwlrq ri � 48 sv/ d uhshwlwlrq udwh ri 53 K}/ dqg d ehdp gldphwhu ri

� 4 pp dw wkh vdpsoh1 Wkh lqsxw lqwhqvlwlhv zhuh � 418 pM dqg � 433 �M shu sxovh iru wkh

ylvleoh dqg wkh lqiuduhg/ uhvshfwlyho|1 Wkh lqiuduhg lqsxw iuhtxhqf| zdv ixuwkhu fdoleudwhg

zlwk prohfxodu devruswlrq olqhv lq wkh jdv skdvh1 Iljxuh 415 vkrzv dq h{dpsoh ri lqiuduhg

iuhtxhqf| fdoleudwlrq lq wkh RK vwuhwfk iuhtxhqf| udqjh1 Wkh dffxudf| ri vxfk d fdoleudwlrq

lv derxw 5 fp3�1

Iljxuh 416 vkrzv wkh jhrphwu| ri wkh lqsxw2rxwsxw ehdpv lq wkh VIJ h{shulphqw/

lq zklfk [> \> ] dqg {> |> } uhihu wr wkh ode0�{hg uhihuhqfh iudph dqg vdpsoh0�{hg uhihu0

hqfh iudph/ uhvshfwlyho|1 Glvwlqjxlvklqj [>\>] dqg {> |> } lv lpsruwdqw rqo| li dqlvrwurslf

vdpsohv duh xvhg/ h1j1/ uxeehg sro|phu vxuidfhv +Fkds1 6,1 Iru lvrwurslf vdpsohv/ zh gr

qrw h{shfw wkh VIJ vljqdo wr ghshqg rq wkh d}lpxwkdo dqjoh � lq Ilj1 416 dqg wkhuhiruh

gr qrw glvwlqjxlvk [>\>] dqg {> |> }1 Iru doo h{shulphqwv lq wklv wkhvlv h{fhsw wkh exon

frqwulexwlrq h{shulphqw +Fkds1 7,/ wkh lqflghqfh dqjohv zhuh ��@78
� dqg �2@8:

� iru wkh
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Iljxuh 415= Fdoleudwlrq ri wkh lqiuduhg iuhtxhqf| lq wkh RK vwuhwfk iuhtxhqf| udqjh1 Vtxduh

v|perov uhsuhvhqw wkh VIJ lqwhqvlw| rewdlqhg iurp d }0fxw txduw} uhihuhqfh vdpsoh1 De0

vruswlrq olqhv lq wkh VIJ vshfwuxp duh gxh wr wkh zdwhu ydsru devruswlrq lq wkh lqiuduhg

ehdp sdwk1 Wkh grwwhg olqh lv d vprrwkhg lqiuduhg wudqvplvvlrq vshfwuxp ri zdwhu ydsru

phdvxuhg e| Irxulhu0wudqvirup lqiuduhg vshfwurvfrs| +IW0LU,1

x

Visible

IR

SFG
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β2

β1

Z z
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Iljxuh 416= Jhrphwu| ri wkh lqsxw2rxwsxw ehdpv lq wkh VIJ h{shulphqw1
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ylvleoh dqg wkh lqiuduhg/ uhvshfwlyho|1

Wkh VIJ rxwsxw zdv ghwhfwhg lq wkh uh�hfwhg gluhfwlrq e| d Kdpdpdwvx U5<5

khdg0rq skrwrpxowlsolhu wxeh +SPW, zlwk d txdqwxp h�flhqf| ri 53 � 58(1 Wkh kljk

yrowdjh dssolhg wr wkh SPW ydulhv ehwzhhq ;33 Y dqg 414 nY ghshqglqj rq wkh vljqdo

lqwhqvlw|1 Wkh SPW rxwsxw zdv wkhq phdvxuhg zlwk d Vwdqirug Uhvhdufk VU583 jdwhg

lqwhjudwru zlwk wkh jdwh zlgwk dqg wkh vhqvlwlylw| vhw wr 63 qv dqg 53 pY/ uhvshfwlyho|1

Wkh VIJ vljqdo iurp rxu vhwxs fryhuv irxu rughuv ri pdjqlwxgh/ udqjlqj iurp d

ihz shufhqw ri d skrwrq wr d ihz kxqguhg skrwrqv shu odvhu vkrw1 Iru zhdn vljqdov +rq

dyhudjh ohvv wkdq 4 skrwrq2vkrw,/ wkh SPW zdv xvhg lq wkh skrwrq frxqwlqj prgh ^7`1 Iru

vwurqjhu vljqdov/ wkh wrwdo lqwhjudwhg vljqdo zdv uhfrughg +lqwhjudo prgh,1 Zh irxqg wkdw lq

wkh lqwhjudo prgh wkh jdwhg lqwhjudwru rxwsxw lqfuhdvhv zlwk wkh lqsxw qxpehu ri skrwrqv lq

d qrqolqhdu idvklrq/ suhvxpdeo| gxh wr wkh SPW vdwxudwlrq1 Iljxuh 417 vkrzv wkh uhodwlrq

ehwzhhq wkh lqwhjudwhg vljqdo dqg wkh lqsxw qxpehu ri skrwrqv/ zklfk zdv phdvxuhg lq wkh

skrwrq frxqwlqj prgh e| dwwhqxdwlqj wkh vljqdo zlwk srodul}huv dqg qhxwudo ghqvlw| �owhuv1

Wkh vrolg fxuyhv lq Ilj1 417 duh hpslulfdo �wv xvlqj

Q @ 6=3 L +4 . 3=7; L, iru 4433Y >

Q @ 9=7 L +4 . 3=7; L, iru 4333Y >

Q @ 49=4 L +4 . 3=7; L, iru <33Y >

Q @ 78 L +4 . 3=7; L, iru ;33Y >

zkhuh L lv wkh jdwhg lqwhjudwru rxwsxw lq yrowv1 Wkh deryh uhodwlrqv zhuh xvhg lq doo wkh

phdvxuhphqwv wr fruuhfw wkh vdwxudwlrq h�hfw ri wkh SPW1
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Iljxuh 417= Fdoleudwlrq ri wkh skrwrpxowlsolhu wxeh zlwk ydulrxv dssolhg yrwdjhv1

��� 5|@?_@h_�3@|�L?

Dv pruh dqg pruh uhvhdufk jurxsv durxqg wkh zruog kdyh lpsohphqwhg VIJ yl0

eudwlrqdo vshfwurvfrs| lq uhfhqw |hduv/ zh �qg lw lpsruwdqw iru gl�huhqw jurxsv wr frpsduh

qrw rqo| wkh vshfwudo ihdwxuhv lq wkhlu VIJ uhvxowv exw dovr wkh yleudwlrqdo uhvrqdqfh shdn

lqwhqvlwlhv1 Krzhyhu/ wklv lv qrw hdv| wr gr ehfdxvh gl�huhqw VIJ v|vwhpv kdyh gl�huhqw

sxovh hqhujlhv/ sxovh gxudwlrqv/ vsrw vl}hv/ ghwhfwru h�flhqflhv/ hwf1 Iru wklv uhdvrq/ wkh

VIJ lqwhqvlw| lq wkh olwhudwxuh lv prvwo| suhvhqwhg lq duelwudu| xqlwv/ zklfk srvhv d vhulrxv

sureohp iru gl�huhqw jurxsv wr frpsduh wkhlu uhvxowv txdqwlwdwlyho|1 Wr vroyh wklv sureohp/

zh suhvhqw rxu VIJ vshfwud lq pruh phdqlqjixo xqlwv1 Lq wkh iroorzlqj zh dgguhvv wklv lvvxh

lq ghwdlo1



:

����� ,giU|��i t�hu@Ui ?L?*�?i@h t�tUiT|�M�*�|)

Vxuidfh VIJ uhvxowv iurp d vhfrqg0rughu qrqolqhdu srodul}dwlrq lqgxfhg dw dq

lqwhuidfh e| wzr lqsxw �hogv H+$�, dqg H+$2, dw iuhtxhqflhv $� +ylvleoh, dqg $2 +lqiuduhg,/

uhvshfwlyho|/

S
E2�+$r, @ �f�

E2� = H+$�,H+$2, > +414,

zkhuh �E2� ghqrwhv wkh vxuidfh qrqolqhdu vxvfhswlelolw| whqvru/ zklfk lv d sk|vlfdo txdqwlw|

wkdw grhv qrw ghshqg rq wkh h{shulphqwdo vhwxs1 Qrwh wkdw Ht1 +414, kdv dsshduhg lq

gl�huhqw irupv ghshqglqj rq wkh frqyhqwlrqv/ zklfk fdq fdxvh d orw ri frqixvlrq1 Wklv zloo

eh glvfxvvhg lq Dsshqgl{ D1

Lghdoo|/ rqh frxog suhvhqw doo wkh qrqydqlvklqj hohphqwv ri "
E2�
��&+$2, dv wkh VIJ

vshfwud iru hdfk vdpsoh phdvxuhg1 Krzhyhu/ wklv lv qrw sudfwlfdo ehfdxvh lq prvw fdvhv

"
E2�
��&+$2, fdqqrw eh xqltxho| ghwhuplqhg vlpso| iurp wkh VIJ phdvxuhphqw1 Lw fdq eh

vkrzq wkdw li erwk lqsxw �hogv duh wuhdwhg dv sodqh zdyhv/ wkh VIJ rxwsxw lv dovr d sodqh

zdyh dqg lwv lqwhqvlw| lv jlyhq e|

L+$r, @
$2
r

;�ff� frv2 �r

m"
E2�
ig m2L+$�,L+$2, = +415,

Khuh/ �r lv wkh h{lw dqjoh ri wkh VIJ rxwsxw/ L+$�, lv wkh ehdp lqwhqvlw| dw $�/ dqg "
E2�
ig lv

wkh h�hfwlyh vxuidfh qrqolqhdu vxvfhswlelolw| gh�qhg dv

"
E2�
ig @ ^O+$r, � ahr` � �E2� = ^O+$�, � ah�`^O+$2, � ah2` +416,

zlwk ah� ehlqj wkh xqlw srodul}dwlrq yhfwru ri wkh rswlfdo �hog dw $� dqg O+$�, wkh whqvr0

uldo Iuhvqho idfwru +Dsshqgl{hv E,1 D sudfwlfdo gl�fxow| lq ghgxflqj "
E2�
��& dulvhv iurp wkh



;

idfw wkdw wkh Iuhvqho idfwruv riwhq frqwdlq vrph xqnqrzq sdudphwhuv ��+$�,/ nqrzq dv wkh

glhohfwulf frqvwdqw ri wkh vxuidfh od|hu +Dsshqgl{ F,1

Krzhyhu/ dv Ht1 +415, vkrzv/ m"
E2�
ig +$2,m

2 kdv d yhu| vlpsoh uhodwlrq wr wkh VIJ

rxwsxw lqwhqvlw|/ dqg fdq eh ghwhuplqhg sxuho| iurp h{shulphqw1 Xvlqj m"
E2�
ig +$2,m

2 wr

suhvhqw VIJ vshfwud vhhpv wr eh d jrrg frpsurplvh1 Lq wklv wkhvlv/ prvw ri wkh VIJ

vshfwud zloo eh suhvhqwhg zlwk m"
E2�
ig +$2,m

2 lq PNV xqlwv vr wkdw rwkhuv fdq hdvlo| frpsduh

wkhlu uhvxowv zlwk rxuv txdqwlwdwlyho|1 Wkh rqo| glvdgydqwdjh lv wkdw m"
E2�
ig +$2,m

2 vwloo ghshqgv

rq wkh lqflghqfh dqjohv/ zklfk kdv wr eh wdnhq lqwr dffrxqw zkhq zh frpsduh m"
E2�
ig +$2,m

2

rewdlqhg iurp wzr gl�huhqw VIJ vhwxsv1

Qrwh wkdw Ht1 +415, vrphwlphv dsshduv lq d voljkwo| gl�huhqw irup +vhh/ iru h{dpsoh/

Uhi1 ^5`,/ l1h1/

L+$r, @
$2
r
m"

E2�
ig m

2L+$�,L+$2,

;�ff� frv2 �r

s
��+$r,��+$�,��+$2,

> +417,

zkhuh ��+$�, lv wkh glhohfwulf ixqfwlrq ri _phglxp 4% lq zklfk wkh lqwhqvlwlhv L+$�, iru wkh

wkuhh ehdpv duh gh�qhg1 Zh kdyh gursshg wkh idfwru
s
��+$r,��+$�,��+$2, lq Ht1 +415,

ehfdxvh lq doo rxu h{shulphqwv _phglxp 4% lv mxvw dlu ru ydfxxp dqg wkhuhiruh ��+$�, � 41

Wklv lv vwloo wuxh hyhq iru exulhg lqwhuidfhv ru VIJ jhqhudwhg lq wkh wudqvplvvlrq gluhfwlrq/

ehfdxvh zh dozd|v gh�qh L+$�, dqg L+$2, lq dlu ru ydfxxp ehiruh wkh wkh wzr lqsxw ehdpv

hqwhu wkh vdpsoh/ dqg gh�qh L+$r, lq dlu ru ydfxxp diwhu wkh vxp0iuhtxhqf| ehdp h{lwv wkh

vdpsoh1 Dffruglqjo|/ wkh Iuhvqho idfwruv lq Ht1 +415, duh dozd|v gh�qhg dv wkh frh�flhqwv

uhodwlqj wkh �hog frpsrqhqwv lq wkh lqwhuidfldo od|hu wr wkh fruuhvsrqglqj rqhv lq dlu ru

ydfxxp +vhh dq h{dpsoh lq Dsshqgl{ E,1



<

����2 "�@h|3 hiuihi?Ui

Htxdwlrq +415, vkrzv wkdw rqh fdq phdvxuh m"
E2�
ig m

2 ri d vdpsoh e| frpsdulqj lwv

VIJ lqwhqvlw| zlwk wkdw iurp d vwdqgdug uhihuhqfh vdpsoh zlwk d nqrzq "
E2�
ig 1 Lq wkh Vkhq

jurxs/ zh kdyh ehhq xvlqj txduw} +�0VlR2, fu|vwdov dv wkh uhihuhqfh vdpsohv iru pdq|

|hduv1 D txduw} fu|vwdo jlyhv d uhdvrqdeo| vwurqj VIJ vljqdo gxh wr lwv zhoo nqrzq exon

qrqolqhdulw|1 Lw kdv d zlgh wudqvsduhqf| udqjh 3=48�7=8 �p +eh|rqg 718 �p txduw} devruev

vwurqjo| dqg dowhuqdwlyh uhihuhqfh vdpsohv vkrxog eh frqvlghuhg,1 Iru doo wkh h{shulphqwv

lq wklv wkhvlv/ d }0fxw txduw} fu|vwdo zdv xvhg dv wkh uhihuhqfh vdpsoh1 Wklv vhfwlrq suhvhqwv

rxu fdofxodwlrq iru wkh h�hfwlyh vxuidfh qrqolqhdu vxvfhswlelolw| m"
E2�
ig m ri wkh }0fxw txduw}

vxuidfh/ zlwk zklfk zh fdoleudwhg wkh VIJ vljqdov dqg rewdlqhg wkh vshfwud m"
E2�
ig +$2,m

2 iurp

gl�huhqw vdpsohv1

Wkh VIJ vljqdo iurp fu|vwdoolqh txduw} lv pdlqo| iurp wkh exon/ zklfk kdv G�

v|pphwu| zlwk wkh iroorzlqj qrqydqlvklqj "
E2�
��& hohphqwv

"E2�
%%% @ �"E2�

%++ @ �"E2�
++% @ �"E2�

+%+ @ "E2�
^ >

"E2�
%+5 @ �"E2�

+%5 >

"E2�
%5+ @ �"E2�

+5% >

"E2�
5%+ @ �"E2�

5+% >

dprqj zklfk wkh hohphqwv lq wkh �uvw urz +gh�qhg dv "
E2�
^ ehorz, duh pxfk odujhu wkdq

wkh rwkhuv ^8`1 Lq wkh iroorzlqj fdofxodwlrq zh qhjohfw doo wkh zhdnhu hohphqwv vxfk dv "
E2�
%+51

Wkh irupdo vroxwlrq iru wkh uh�hfwhg VIJ dpsolwxgh iurp d phglxp zlwk d exon qrqolqhdu

vxvfhswlelolw| fdq eh irxqg lq Uhi1 ^9`1 Dsso|lqj lw wr d }0fxw txduw} fu|vwdo vkrzv wkdw wkh
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VIJ lqwhqvlw| lv pd{lpl}hg zkhq wkh {0d{lv ri wkh fu|vwdo lv lq wkh lqflghqfh sodqh/ dqg

wkh devroxwh ydoxhv ri wkh h�hfwlyh vxuidfh qrqolqhdu vxvfhswlelolwlhv duh

m"E2�
ig +vvs,m @ frv�2Ot t +$r,Ot t +$�,Off+$2,"

E2�
^ oS >

m"E2�
ig +vsv,m @ frv��Ot t +$r,Off+$�,Ot t +$2,"

E2�
^ oS >

m"E2�
ig +sss,m @ frv�r frv�� frv�2Off+$r,Off+$�,Off+$2,"

E2�
^ oS = +418,

Khuh/ �� dqg O�� duh wkh lqflghqfh dqjoh dqg Iuhvqho idfwru/ dqg oS lv wkh h�hfwlyh frkhuhqfh

ohqjwk

oS @
4

mn25+$r,� n25+$�,� n25+$2,m

@
4

5�

�s
?E/r�23t�?2 qr

br
.

s
?E/��23t�?2 q�

b�
.

s
?E/2�23t�?2 q2

b2

�

iru wkh uh�hfwlrq jhrphwu|/ dqg

oS @
4

5�

����
s
?E/r�23t�?2 qr

br
�
s
?E/��23t�?2 q�

b�
�
s
?E/2�23t�?2 q2

b2

����
iru wkh wudqvplvvlrq jhrphwu|1 Iru wkh exon qrqolqhdulw| ri txduw}/ zh qhjohfw wkh glvshuvlrq

dqg wdnh

"E2�
^ @ 7g�� � 4=93� 433�2 p

Y
> +419,

zkhuh g�� uhihuv wr wkh qrqolqhdu frh�flhqw iru VKJ/ dqg lwv ydoxh iru �@41397 �p irxqg

lq Uhi1 ^8` zdv xvhg1 Wkh idfwru 7 dulvhv iurp gl�huhqw frqyhqwlrqv lq wkh gh�qlwlrqv ri "
E2�
��&

hohphqwv iru VIJ dqg g��& frh�flhqwv iru VKJ +vhh Dsshqgl{ D,1

Iru gl�huhqw h{shulphqwv/ m"E2�
ig m ri wkh }0fxw txduw} vxuidfh pd| ydu| gxh wr gli0

ihuhqw frkhuhqfh ohqjwkv dqg Iuhvqho idfwruv1 Wkh fdofxodwhg m"E2�
ig m ri wkh txduw} uhihuhqfh

iru gl�huhqw h{shulphqwv lq wklv wkhvlv duh olvwhg lq Wdeohv 414/ 415 dqg 416 1
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Wdeoh 414= "
E2�
ig ri wkh }0fxw txduw} uhihuhqfh fdofxodwhg iurp Ht1 +418, iru wkh h{shulphqwv

lq Fkds1 5 +lfh, dqg Fkds1 8 +zdwhu,1 Vkrzq wrjhwkhu duh vrph sdudphwhuv xvhg lq wklv

fdofxodwlrq1 Wkh lqiuduhg zdyhohqjwk fruuhvsrqgv wr $2@+5�f, @6:33 fp3� +wkh iuhh RK

vwuhwfk iuhtxhqf|,1 Iru frqyhqlhqfh wkh eluhiulqjhqfh ri wkh fu|vwdo lv qhjohfwhg dqg wkh

uhiudfwlyh lqgh{ ri wkh ruglqdu| zdyh qJ lv xvhg iru doo srodul}dwlrqv1 Wkh fdofxodwlrq lv iru

VIJ lq wkh uh�hfwhg gluhfwlrq rqo|1 Wkh frkhuhqfh ohqjwk oS � 59 qp1

$r $� $2

� 777 qp 865 qp 51: �p

q @ qJ 41886 4187: 417<

� 791;� 78� 8:�

Off 1<3 1<3 4134

Ot t 19: 19; 194

"
E2�
ig +vvs, 4=38� 4332f p2Y3�

"
E2�
ig +vsv, 4=3<� 4332f p2Y3�

"
E2�
ig +sss, 3=<5� 4332f p2Y3�

Wdeoh 415= "
E2�
ig ri wkh }0fxw txduw} uhihuhqfh fdofxodwhg iurp Ht1 +418, iru wkh h{shulphqw lq

Fkds1 6 +uxeehg sro|phu,1 Vkrzq wrjhwkhu duh vrph sdudphwhuv xvhg lq wklv fdofxodwlrq1

Wkh lqiuduhg zdyhohqjwk fruuhvsrqgv wr $2@+5�f, @5<33 fp3� +fhqwhu ri wkh FK vwuhwfk

iuhtxhqf| udqjh,1 Wkh fdofxodwlrq lv iru VIJ lq wkh uh�hfwhg gluhfwlrq rqo|1 Wkh frkhuhqfh

ohqjwk oS � 5: qp1

$r $� $2

� 793 qp 865 qp 617 �p

q @ qJ 41886 4187: 417<

� 7918� 78� 8:�

Off 1<3 1<3 4134

Ot t 19: 19; 194

"
E2�
ig +vvs, 4=3;� 4332f p2Y3�

"
E2�
ig +vsv, 4=45� 4332f p2Y3�

"
E2�
ig +sss, 3=<7� 4332f p2Y3�
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Wdeoh 416= "
E2�
ig ri wkh }0fxw txduw} uhihuhqfh fdofxodwhg iurp Ht1 +418, iru wkh h{shulphqw lq

Fkds1 7 +exon frqwulexwlrq,1 Vkrzq wrjhwkhu duh vrph sdudphwhuv xvhg lq wklv fdofxodwlrq1

Wkh lqiuduhg zdyhohqjwk fruuhvsrqgv wr $2@+5�f, @5<33 fp3� +fhqwhu ri wkh FK vwuhwfk

iuhtxhqf| udqjh,1 Lq wkh uh�hfwhg gluhfwlrq +U, wkh frkhuhqfh ohqjwk oS � 79 qp/ dqg lq

wkh wudqvplwwhg gluhfwlrq oS � :88 qp1

$r+U, $r+W, $� $2

� ;43 qp ;43 qp 4397 qp 617 �p

q @ qf 4186< 4186< 41867 417<

� 5313� 5313� 78� 8:�

Off 1;3 1<9 1<3 4134

Ot t 1:: 1<8 19; 194

Uh�hfwlrq Wudqvplvvlrq

"
E2�
ig +vvs, 5=4� 4332f p2Y3� 7=6� 433�b p2Y3�

"
E2�
ig +vsv, 5=5� 4332f p2Y3� 7=8� 433�b p2Y3�

"
E2�
ig +sss, 5=3� 4332f p2Y3� 6=;� 433�b p2Y3�

��e A�it�t ��}�*�}�|t

Lq Fkds1 5/ zh uhsruw wkh xvh ri vxuidfh vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs|

wr vwxg| vxuidfh phowlqj ri lfh/ d skhqrphqrq sursrvhg e| Idudgd| lq 4;751 VIJ lv

lghdoo| vxlwhg iru wklv vwxg| ehfdxvh ri lwv kljk vxuidfh vhqvlwlylw| dqg kljk0ydsru0suhvvxuh

frpsdwlelolw|1 E| surelqj wkh rulhqwdwlrqdo glvrughulqj ri wkh �uvw vxuidfh prqrod|hu/ zh

irxqg wkdw vxuidfh phowlqj ri lfh dsshduv wr vhw lq durxqg 533N1 Wkh ghjuhh ri glvrughulqj

lqfuhdvhv zlwk whpshudwxuh/ dqg wkh uhvxowv lqglfdwh wkdw wkh oltxlg0olnh od|hu rq wkh lfh

vxuidfh lv vwuxfwxudoo| gl�huhqw iurp wkh qrupdo zdwhu vxuidfh ^:`1

Lq Fkds1 6/ zh uhsruw wkh xvh ri wkh vdph whfkqltxh wr vwxg| wkh vxuidfh vwuxfwxuh

ri d uxeehg sro|phu +sro|ylq|o dofrkro/ SYD, �op1 Wkh uhvxowv doorz xv wr ghwhuplqh wkh

rulhqwdwlrqdo glvwulexwlrq ri wkh vxuidfh sro|phu fkdlqv txdqwlwdwlyho|1 Wkh| vkrz h{solflwo|

wkdw wkh sro|phu fkdlqv duh zhoo doljqhg rq wkh vxuidfh lq wkh uxeelqj gluhfwlrq/ dqg h{sodlq

krz d uxeehg sro|phu vxuidfh fdq h�hfwlyho| lqgxfh exon doljqphqw ri d oltxlg fu|vwdo �op



46

^;/ <`1 Wklv zrun lv kljko| uhohydqw wr oltxlg fu|vwdo glvsod| +OFG, whfkqrorj| dqg pruh

jhqhudoo| wr sro|phu vflhqfh1

Wkh odvw wzr fkdswhu duh vrph _e|0surgxfwv% ri p| uhvhdufk1 Fkdswhu 7 lv derxw

wkh lqwulqvlf exon frqwulexwlrq lq vxuidfh vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs| ^43`1 Wklv

lv sduwlfxoduo| lpsruwdqw iru wkh lqwhusuhwdwlrq ri wkh VIJ vshfwud ri qhdw pdwhuldov1 Lfh/

zdwhu dqg sro|phu �opv doo ehorqj lq wklv fdwhjru|1

Lq Fkds1 8/ zh glvfxvv dq h�hfw gxh wr prohfxodu prwlrq zklfk kdv ehhq ljqruhg lq

wkh sdvw lq qrqolqhdu rswlfdo vshfwurvfrs| ^44`1 Dv vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs|

kdv pdwxuhg dqg ehfrph pruh txdqwlwdwlyh lq uhfhqw |hduv/ wklv h�hfw lv qr orqjhu qhjoljleoh

lq wkh vshfwudo dqdo|vlv1 Qhjohfwlqj wkh h�hfw zrxog fuhdwh gl�fxow| lq wkh xqghuvwdqglqj ri

fhuwdlq vshfwud1 D vlpsoh wkhruhwlfdo prgho/ dv zhoo dv d sudfwlfdo h{dpsoh 0 wkh ydsru2zdwhu

lqwhuidfh/ zloo eh suhvhqwhg wr ghprqvwudwh wkh lpsruwdqfh ri wkh h�hfw1 Wklv zrun lv rq

d yhu| ixqgdphqwdo ohyho dqg frxog surylgh qhz h{sodqdwlrqv iru vrph orqj h{lvwlqj exw

xqh{sodlqhg h{shulphqwdo idfwv1 Lw lv sduwlfxoduo| lpsruwdqw iru wkh dqdo|vlv ri wkh iuhh RK

erqgv rq wkh lfh vxuidfh +Fkds1 5,1
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Plfkdho Idudgd| �uvw sursrvhg wkh h{lvwhqfh ri d oltxlg0olnh od|hu rq dq lfh vxuidfh

ehorz wkh exon phowlqj whpshudwxuh/ zklfk zh nqrz wrgd| dv vxuidfh phowlqj ru suhphowlqj

ri lfh ^45`1 Vxuidfh phowlqj lv qrw d xqltxh surshuw| ri lfh exw d udwkhu frpprq ehkdylru ri

pdq| vrolgv lqfoxglqj ohdg ^46/ 47`/ dujrq ^48`/ jhupdqlxp ^49`/ jdoolxp ^4:` dqg doxplqxp

^4;`1 Lfh vxuidfh phowlqj lv sduwlfxoduo| lqwhuhvwlqj ehfdxvh ri lwv gudpdwlf frqvhtxhqfhv1 Lw lv

eholhyhg wr sod| dq lpsruwdqw uroh lq skhqrphqd vxfk dv uhgxfwlrq ri wkh iulfwlrqdo frh�flhqw

ri lfh/ hohfwul�fdwlrq ri wkxqghu forxgv/ jodflhu �rzv/ iurvw khdyhv/ dqg r}rqh ghsohwlrq

^4</ 53`1 Wkh sureohp kdv ehhq wkh vxemhfw ri qxphurxv wkhruhwlfdo dqg h{shulphqwdo

lqyhvwljdwlrqv1

Dq hduo| fdofxodwlrq edvhg rq hohfwurvwdwlf lqwhudfwlrqv ^54` suhglfwv wkdw lfh vxu0

idfh phowlqj lv d frpsohwh vxuidfh phowlqj +l1h1/ wkh txdvl0oltxlg od|hu wklfnqhvv glyhujhv dv

wkh whpshudwxuh dssurdfkhv wkh exon phowlqj whpshudwxuh,/ dqg wkh rqvhw whpshudwxuh lv
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ehwzhhq 06 dqg 09 �F1 D pruh uhfhqw wkhru| edvhg rq ydq ghu Zddov lqwhudfwlrqv +glvshu0

vlrq irufh wkhru|, ^55`/ krzhyhu/ suhglfwv wkdw vxuidfh phowlqj ri lfh lv lqfrpsohwh +l1h1/ wkh

txdvl0oltxlg od|hu wklfnqhvv grhv qrw glyhujh ehiruh wkh exon phowlqj rffxuv,1 Prohfxodu

g|qdplfv vlpxodwlrqv ri lfh vxuidfh phowlqj kdyh dovr ehhq fduulhg rxw ^56/ 57/ 58`/ dqg wkh

uhsruwhg rqvhw whpshudwxuh fdq eh dv orz dv 073 �F ^56`1 Wrgd|/ d jhqhudoo| dffhswhg wkhru|

ri vxuidfh phowlqj ri lfh kdv qrw |hw ehhq irxqg1

D qxpehu ri h{shulphqwv kdyh dovr ehhq fduulhg rxw wr vwxg| wklv skhqrphqrq1

Wkhvh h{shulphqwv lqfoxgh skrwrhplvvlrq ^59`/ surwrq edfnvfdwwhulqj ^5:`/ hoolsvrphwu| ^5;/

5<`/ rswlfdo uh�hfwrphwu| dqg lqwhuihuhqfh plfurvfrs| ^63`/ qxfohdu pdjqhwlf uhvrqdqfh ^64/

65`/ orz hqhuj| hohfwurq gl�udfwlrq ^66`/ jodqflqj dqjoh {0ud| gl�udfwlrq ^67`/ kholxp dwrp

vfdwwhulqj ^68`/ dqg dwrplf irufh plfurvfrs| ^69/ 6:`1 Lfh lq frqwdfw zlwk rwkhu vrolgv kdv

dovr ehhq lqyhvwljdwhg e| ydulrxv whfkqltxhv/ h1j1/ zluh uhjhodwlrq ^6;`/ txdvl0hodvwlf qhxwurq

vfdwwhulqj ^6<`/ dqg ylvfrvlw| phdvxuhphqwv ^73`1 Zkloh prvw ri wkhvh h{shulphqwv vhhp wr

kdyh frq�uphg wkh h{lvwhqfh ri wkh oltxlg0olnh od|hu rq wkh lfh vxuidfh ru lqwhuidfh/ wkh ghwdlov/

vxfk dv wkh rqvhw whpshudwxuh dqg wkh whpshudwxuh ghshqghqfh ri wkh od|hu wklfnqhvv/ ydu|

zlgho| iurp h{shulphqw wr h{shulphqw1 Wrgd|/ wkh h{dfw qdwxuh ri vxuidfh phowlqj ri lfh

uhpdlqv frqwuryhuvldo/ dqg wkh vwuxfwxuh dqg surshuwlhv ri wkh txdvl0oltxlg od|hu duh idu iurp

ehlqj ixoo| xqghuvwrrg1

Zh qrwh wkdw rqh vhulrxv sureohp lq wkh vwxglhv ri lfh lv lwv lqfrpsdwlelolw| zlwk

xowud kljk ydfxxp +XKY, gxh wr lwv kljk ydsru suhvvxuh +Ilj1 514,/ zklfk ydulhv ehwzhhq

4 dqg 433e Wruu lq wkh whpshudwxuh udqjh ri lqwhuhvw1 Wkh kljk ydsru suhvvxuh klqghuv

wkh xvh ri vwdqgdug XKY vxuidfh vflhqfh whfkqltxhv dw whpshudwxuhv forvh wr wkh phowlqj
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Iljxuh 514= Vdwxudwhg ydsru suhvvxuh ri lfh1

whpshudwxuh ri lfh1 Qrq0XKY whfkqltxhv vxfk dv hoolsvrphwu| dqg {0ud| gl�udfwlrq fdq

fryhu d zlgh udqjh ri whpshudwxuhv/ exw gr qrw kdyh dv kljk vxuidfh vhqvlwlylw|1

Dv glvfxvvhg lq Fkds1 4/ vxuidfh VIJ yleudwlrqdo vshfwurvfrs| lv kljko| vxuidfh0

vshfl�f dqg vhqvlwlyh/ dqg grhv qrw uhtxluh dq xowud kljk ydfxxp hqylurqphqw1 Wkhuhiruh/

lw lv lghdoo| vxlwhg iru vwxglhv ri vxuidfhv dqg lqwhuidfhv ri lfh dqg zdwhu1 Lw kdv ehhq

xvhg ehiruh wr lqyhvwljdwh ydulrxv lqwhuidfhv ri zdwhu ^74/ 75/ 76`/ dv zhoo dv dq lfh �op

jurzq rq Sw+444, ^77`1 Wkhvh h{shulphqwv ghprqvwudwhg wkh fdsdelolw| ri VIJ yleudwlrqdo

vshfwurvfrs| wr |lhog vwuxfwxudo lqirupdwlrq ri zdwhu dqg lfh wkdw frxog qrw eh rewdlqhg

zlwk rwkhu h{shulphqwdo whfkqltxhv1 Lq wklv fkdswhu zh uhsruw rxu vwxglhv ri vxuidfh phowlqj

ri kh{djrqdo lfh +L�, xvlqj wklv whfkqltxh1 Rxu vwxglhv zhuh irfxvhg rq wkh lfh lqwhuidfhv ri

wkh +3334, rulhqwdwlrq +edvdo sodqh,/ vlqfh wkh +3334, vxuidfh lv wkh prvw vwdeoh vxuidfh ri
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lfh L� lq qdwxuh1

2�2 A�iLh)
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Lq Fkds1 4/ zh kdyh vkrzq wkdw wkh VIJ vljqdo uhvxowv iurp wkh vxuidfh qrqolqhdu

vxvfhswlelolw| whqvru "
E2�
��&

wkurxjk Htv1 +414,0+416,1 Li wkh lqiuduhg iuhtxhqf| $2 lv wxqhg

dfurvv wkh vxuidfh yleudwlrqdo uhvrqdqfhv/ wkh iroorzlqj uhvrqdqw ehkdylru ri "
E2�
��&

lv h{shfwhg=

"
E2�
��&

+$2, @ "
E2�
�+c��&

.
[

^

D^c��&

$2 � $^ . l�^

> +514,

zkhuh "
E2�
�+c��&

lv d qrq0uhvrqdqw edfnjurxqg/ D^c��&/ $^/ dqg �^ duh wkh dpsolwxgh/ uhvrqdqw

iuhtxhqf|/ dqg gdpslqj frqvwdqw ri wkh twk yleudwlrqdo prgh1 Lq wklv h{shulphqw rq lfh/

zh irfxv rq wkh RK vwuhwfk yleudwlrqdo prghv1 Wkh uhvrqdqw sduw ri "
E2�
��&

fdq eh frqvlghuhg

dv dq hqvhpeoh dyhudjh ri wkh prohfxodu k|shusrodul}delolw| whqvru �
E2�
,6?

/ zklfk kdv vlplodu

uhvrqdqw ehkdylru

�
E2�
,6?

+$2, @
[

^

d^c,6?

$2 � $^ . l�^

> +515,

zkhuh wkh lqglfhv o>p> q uhihu wr wkh prohfxodu uhihuhqfh iudph1

Wkh edvlf lghd ri xvlqj VIJ yleudwlrqdo vshfwurvfrs| wr vwxg| wkh lfh vxuidfh

vwuxfwxuh lv txlwh vwudljkwiruzdug1 Ilj1 515 vkrzv wkh vwuxfwxuh ri dq lghdo +3334, edvdo

vxuidfh ri lfh L�/ zklfk lv olnho| wr eh wkh fdvh dw orz whpshudwxuhv zkhq vxuidfh phowlqj

grhv qrw rffxu1 Lq juhdw frqwudvw/ Ilj1 516 vkrzv d prohfxodu g|qdplfv vlpxodwlrq ri wkh lfh

+3334, vxuidfh ^57` dv d txdvl0oltxlg od|hu lv iruphg1 Wkh gudpdwlf fkdqjh lq wkh rulhqwdwlrqv

ri wkh prohfxohv dw wkh lfh vxuidfh vkrxog kdyh d phdvxudeoh h�hfw rq wkh whqvru "
E2�
��&

+ru d
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Iljxuh 515= Vlgh ylhz ri dq lghdo +3334, edvdo vxuidfh ri lfh L�1 Qrwh wkdw wkh iuhh +ru gdq0

jolqj, RK erqgv duh shushqglfxodu wr wkh vxuidfh gxh wr wkh whwudkhgudo k|gurjhq erqglqj1

Iljxuh 516= Prohfxodu g|qdplfv vlpxodwlrq ri wkh +3334, edvdo vxuidfh ri lfh L� dw 598 N

+iurp Uhi1 ^57`,1
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Iljxuh 517= Prohfxodu uhihuhqfh iudph ri d vlqjoh RK erqg/ zlwk � dorqj wkh erqg gluhfwlrq

dqg �/ � shushqglfxodu wr �1

sduwlfxodu uhvrqdqw prgh dpsolwxgh D^c��&,1

Vlqfh rxu txdqwlwdwlyh dqdo|vlv zloo eh rq wkh iuhh RK vwuhwfk prgh/ zh suhvhqw

khuh rxu wkhruhwlfdo prgho ri wkh prohfxodu k|shusrodul}delolw| ri d iuhh RK erqg1 Wkh

wkhru| ri VIJ yleudwlrqdo vshfwurvfrs| vkrzv wkdw d^c,6? lv uhodwhg wr wkh lqiuduhg dqg

Udpdq fkdudfwhulvwlfv ri d yleudwlrqdo prgh wkurxjk wkh htxdwlrq ^78`

d^c,6? @ �
4

5�f$^

C�?

CT^

C�
E��
,6

CT^
> +516,

zkhuh Y>?
Y'^

dqg
Yk

E��
,6

Y'^

duh wkh lqiuduhg glsroh ghulydwlyh dqg wkh Udpdq srodul}delolw| whqvru

ri wkh twk yleudwlrqdo prgh/ dqg T^ lv wkh fodvvlfdo qrupdo frruglqdwh1 Iru d iuhh RK erqg/

T^ @
s
pO�u > +517,

zkhuh �u lv wkh fkdqjh lq wkh RK erqg ohqjwk gxh wr wkh vwuhwfk/ dqg pO lv wkh pdvv ri d

k|gurjhq dwrp1 Htxdwlrq +516, wkhq ehfrphv

d^c,6? @ �
4

5�f$^pO

C�?

C�u

C�
E��
,6

C�u
= +518,
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Zh fdq xvh Ht1 +518, wr fdofxodwh d^c,6? iru wkh iuhh RK vwuhwfk prgh1 Iljxuh 517

vkrzv wkh prohfxodu uhihuhqfh iudph ri d vlqjoh RK erqg1 Wkh lqiuduhg glsroh ghulydwlyh

dorqj wkh erqg gluhfwlrq a� zdv uhsruwhg wr eh

C�l

C�u
@ 3=48: +dwrplf xqlwv, @ 5=85� 4332f F +519,

iurp de lqlwlr fdofxodwlrqv ^79`/ lq jrrg djuhhphqw zlwk h{shulphqwv ^7:`1 Dowkrxjk Uhi1

^79` dovr vxjjhvwhg wkdw d iuhh RK erqg frxog kdyh d vpdoo exw qrq0}hur glsroh ghulydwlyh

frpsrqhqw shushqglfxodu wr wkh erqg gluhfwlrq a�/ lw zloo eh qhjohfwhg lq rxu vlpsoh prgho1

Iru wkh Udpdq srodul}delolw| whqvru/ zh xvh wkh h{shulphqwdoo| ghgxfhg ydoxhv iurp Uhi1

^7;` +frqyhuwhg wr PNV xqlwv,

C�
E��
ll

C�u
@ +5=53	 3=46,� 433�f

pF

Y
>

C�
E��
11

C�u
@

C�
E��
##

C�u
@ +:=3 	 3=7 ,� 433��

pF

Y
>

zlwk wkh ghsrodul}dwlrq udwlr u @
Yk

E��
11

Y{o
@
Yk

E��
ll

Y{o
� 3=65 1 Wkh iuhh RK vwuhwfk lv dw �6:33 fp3�

^74`/ zklfk fruuhvsrqgv wr dq dqjxodu iuhtxhqf|

$^ @ 5�f� 6:33 fp3� @ :=3� 43�e vhf3� =

Lqvhuwlqj wkhvh ydoxhv lqwr Ht1 +518,/ zh rewdlq

d^clll � 5=:� 4332.
pe

Yvhf
>

d^c11l @ d^c##l @ ud^clll � ;=9� 4332H
pe

Yvhf
=

+51:,

Wkh pdfurvfrslf uhvrqdqw dpsolwxgh D^c��& uhvxowv iurp wkh hqvhpeoh dyhudjh ri

wkh plfurvfrslf surshuw| d^c,6? ri wkh prohfxohv dw wkh vxuidfh1 Ghshqglqj rq wkh wlph
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vfdoh ri wkh prohfxodu rulhqwdwlrqdo �xfwxdwlrqv/ D^c��& fdq eh uhodwhg wr d^c,6? wkurxjk

D^c��& @ Q5

[

b>D

d^c,6?k+al � ao,+am � ap,+an � aq,l +51;,

iru wkh vorz0prwlrq olplw/ ru

D^c��& @ Q5

[

b>D

d^c,6?k+al � ao,+am � ap,lk+an � aq,l +51<,

iru wkh udslg0prwlrq olplw +vhh Fkds1 8 iru wkh prwlrqdo dyhudjlqj h�hfw,1 Khuh Q5 lv wkh

vxuidfh ghqvlw| ri wkh prohfxodu jurxsv/ dqg wkh dqjoh eudfnhwv uhsuhvhqw wkh hqvhpeoh

dyhudjh1 Wkhuhiruh/ li zh fdq rewdlq D^c��& iru wkh iuhh RK vwuhwfk iurp rxu h{shulphqw/ zh

fdq wkhq ghgxfh dq dssur{lpdwh rulhqwdwlrqdo glvwulexwlrq ri wkh iuhh RK erqgv wkurxjk

Ht1 +51;, ru +51<,1 Zh h{shfw wkdw wkh rulhqwdwlrqdo glvwulexwlrq zrxog eh yhu| qduurz

li wkh vxuidfh od|hu kdv dq rughuhg fu|vwdoolqh vwuxfwxuh dv lq Ilj1 515 exw zrxog eurdghq

dssuhfldeo| li wkh od|hu ehfrphv oltxlg0olnh dv lq Ilj1 5161 Qrwh wkdw lq Htv1 +51;, dqg +51<,

zh kdyh qhjohfwhg wkh plfurvfrslf orfdo �hog fruuhfwlrq zklfk/ zkhq ixoo| lqfoxghg/ zloo ohdg

wr wkh uhodfhphqw ri Q5 lq Htv1 +51;, dqg +51<, zlwk Q5o8+$r,o8+$�,o8+$2,1 Wkh gh�qlwlrq

ri o8+$�, fdq eh irxqg lq Dsshqgl{ F1

2�2�2 5)44i|h) Lu |�i �Ui M@t@* t�hu@Ui

Ehlqj d udqn06 whqvru/ "
E2�
��& +ru D^c��&, kdv lq jhqhudo 5: hohphqwv1 Vxuidfh v|pph0

wu|/ krzhyhu/ fdq pdnh vrph hohphqwv ydqlvk dqg vrph ehfrph pxwxdoo| ghshqghqw1 Wkh

kh{djrqdo v|pphwu| ri wkh +3334, vxuidfh ri lfh L� uhgxfhv wkh qrqydqlvklqj lqghshqghqw

whqvru hohphqwv wr wkh iroorzlqj wkuhh +vhh Ilj1 416 iru wkh uhihuhqfh iudph,=

"E2�
555 >
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A

B

Iljxuh 518= Wkh +3334, edvdo vxuidfh ri lfh L� zlwk d prqrod|hu0khljkw vwhs1 Rqo| r{|jhq

dwrpv duh vkrzq> k|gurjhq dwrpv duh rplwwhg iru fodulw|1 Qrwh wkdw od|hu D dqg od|hu E gr

qrw uhshdw hdfk rwkhu e| d vlpsoh vsdwldo wudqvodwlrq exw duh urwdwhg e| 4;3� zlwk uhvshfw

wr hdfk rwkhu lq wkh vxuidfh sodqh1

"E2�
%%5 @ "E2�

++5 >

"E2�
%5% @ "E2�

5%% @ "E2�
+5+ @ "E2�

5++ =

Lq wkh odvw urz zh kdyh xvhg wkh dssur{lpdwlrq "
E2�
��& @ "

E2�
��&/ dvvxplqj wkdw wkh ylvleoh $�

dqg wkh vxp0iuhtxhqf| $r duh idu dzd| iurp hohfwurqlf uhvrqdqfhv1 Wkh vlpsolflw| ri "
E2�
��&

+l1h1/ rqo| wkuhh lqghshqghqw frpsrqhqwv, lpsolhv wkdw zh fdq phdvxuh wkh "
E2�
��& whqvru zlwk

rqo| wkuhh lqsxw2rxwsxw srodul}dwlrq frpelqdwlrqv vvs +ghqrwlqj v0/ v0/ dqg s0srodul}hg

vxp0iuhtxhqf| rxwsxw/ ylvleoh lqsxw/ dqg lqiuduhg lqsxw/ uhvshfwlyho|,/ sss/ dqg vsv1 Lw dovr

lpsolhv wkdw zh gr qrw qhhg wr urwdwh wkh vdpsoh lq wklv h{shulphqw ehfdxvh "
E2�
��& ri wkh

edvdo vxuidfh ri lfh L� dsshduv wr eh lvrwurslf lq wkh {| sodqh1

Lq Uhi1 ^7<` Jhljhu dqg fr0zrunhuv/ krzhyhu/ guhz d gl�huhqw frqfoxvlrq dqg

fodlphg wkdw wkh +3334, vxuidfh ri lfh vkrxog srvvhvv pruh qrq0ydqlvklqj "
E2�
��& hohphqwv/ vxfk

dv "
E2�
%%%/ gxh wr d 6p +F��, v|pphwu|/ dqdorjrxv wr wkdw ri wkh Vl+444, vxuidfh ^83`1 Zh gr

qrw djuhh zlwk vxfk dq dqdorj| ehfdxvh wkhuh lv dq hvvhqwldo gl�huhqfh ehwzhhq wkh +3334,



56

vxuidfh ri d kh{djrqdo fu|vwdo dqg wkh +444, vxuidfh ri d fxelf fu|vwdo1 Iljxuh 518 vkrzv dq

lghdo +3334, vxuidfh ri lfh zlwk d prqrod|hu0khljkw vwhs1 Gxh wr lwv g|qdplf qdwxuh/ wkh

ydsru2lfh +3334, lqwhuidfh fdqqrw eh dwrplfdoo| �dw/ exw frqwdlqv vwhsv1 Zh qrwh wkdw od|hu

D dqg od|hu E dv vkrzq lq Ilj1 518 gr qrw uhshdw hdfk rwkhu e| d vlpsoh vsdwldo wudqvodwlrq/

exw duh urwdwhg e| 4;3� zlwk uhvshfw wr hdfk rwkhu1 Wklv lv qrw wkh fdvh iru wkh Vl+444,

vxuidfh/ zkhuh dgmdfhqw od|huv dozd|v uhshdw hdfk rwkhu e| d vlpsoh vsdwldo wudqvodwlrq1

Rq wkh lfh +3334, vxuidfh wkh wzr frq�jxudwlrqv D dqg E duh hqhujhwlfdoo| htxlydohqw/ dqg

wkhuhiruh/ grpdlqv ri w|sh D dqg w|sh E frh{lvw zlwk htxdo fryhudjh1 Dowkrxjk hdfk w|sh

h{klelwv 6p +F��, v|pphwu|/ wkh lfh +3334, vxuidfh kdv dq ryhudoo 90irog v|pphwu| lqvwhdg

ri 60irog/ lq vwurqj frqwudvw wr wkh Vl+444, vxuidfh1

2�� , Tih�4i?|

Lfh L� vlqjoh fu|vwdov zhuh jurzq e| wkh Eulgjhpdq phwkrg iurp ghlrql}hg zdwhu1

Wkh fu|vwdo jurzwk dssdudwxv zdv vlplodu wr wkh rqh ghvfulehg lq Uhi1 ^84`1 W|slfdo jurzwk

udwh zdv 4 �p2vhf +619 pp2krxu, wr suhyhqw exeeohv1 Wkh lfh fu|vwdov zhuh wkhq vwruhg lq d

krphpdgh frog joryh er{ +prgl�hg iurp d frpphufldo iuhh}hu,/ dqg wkh vwrudjh whpshudwxuh

zdv ehwzhhq 08 dqg 043 �F1 Wkh vdpsoh suhsdudwlrq zdv doo fduulhg rxw lq wklv frog joryh

er{1 Wkh rulhqwdwlrq ri wkh lfh fu|vwdov zdv fkhfnhg zlwk wzr furvvhg srodul}huv e| xvlqj

wkh eluhiulqjhqfh ri lfh1

Wr suhsduh wkh +3334, edvdo vxuidfh/ dq lfh fu|vwdo zdv �uvw fxw +e| phowlqj, dqg

urxjko| rulhqwhg zlwk lwv +3334, vxuidfh h{srvhg1 Zh wkhq fryhuhg wkh lfh fu|vwdo zlwk d

jodvv ehdnhu zlwk vrph sxuh lfh lq lw dqg vwduwhg wr frro wkh lfh fu|vwdo voljkwo| zlwk d
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showlhu frrohu dqg ohw wkh fu|vwdo jurz vorzo| iurp wkh zdwhu ydsru1 Diwhu w|slfdoo| rqh gd|

ri jurzwk/ kh{djrqdo idfhwv zrxog dsshdu rq wkh fu|vwdo vxuidfh1 Wklv zrxog doorz xv wr

kdyh dq dffxudwh ghwhuplqdwlrq ri wkh fu|vwdo rulhqwdwlrq e| orrnlqj dw wkh uh�hfwlrq ri d

Kh0Qh odvhu ehdp iurp wkh kh{djrqdo idfhwv1

Diwhu �qglqj wkh ghvluhg rulhqwdwlrq/ dq lfh fu|vwdo zdv _joxhg% +e| phowlqj dqg

uhiuhh}lqj, wr d fohdq ixvhg vlolfd vxevwudwh zlwk wkh lfh fu|vwdo*v f0d{lv rulhqwhg shushqglf0

xoduo| wr wkh vxevwudwh +plvfxw ohvv wkdq 5�,1 Dqrwkhu ixvhg vlolfd sodwh/ zklfk kdg ehhq

frdwhg zlwk dq rfwdghf|owulfkorurvlodqh +RWV, prqrod|hu ^85`/ zdv khdwhg dqg eurxjkw lq

frqwdfw zlwk wkh rwkhu vlgh ri wkh lfh fu|vwdo1 D exeeoh0iuhh ixvhg vlolfd2RWV2lfh lqwhuidfh

zdv iruphg e| phowlqj dqg uhjurzlqj d wklq od|hu ri lfh fu|vwdo qhdu wkh RWV0frdwhg ixvhg

vlolfd sodwh1 Ilqdoo| wkh vdpsoh zdv sxw lq d vhdohg frog fkdpehu +Ilj1 519, �oohg zlwk

dpelhqw suhvvxuh dlu dqg eurxjkw wr wkh VIJ rswlfdo ehqfk1 Wkh lfh fkdpehu zdv pdgh ri

frsshu dqg frxog eh frrohg wr 4:6 N zlwk dq dffxudf| ri 314 N1 Diwhu frrolqj dqg zdlwlqj

iru wkh lfh vdpsoh wr uhdfk wkhupdo htxloleulxp zlwk wkh fkdpehu/ wkh RWV0frdwhg ixvhg

vlolfd sodwh zdv vhsdudwhg iurp wkh lfh vdpsoh e| d phfkdqlfdo ghylfh lqvlgh wkh fkdpehu/

ohdylqj d vprrwk +3334, lfh vxuidfh lq htxloleulxp zlwk wkh vdwxudwhg zdwhu ydsru lq wkh

vhdohg fkdpehu1 Vxfk dq lfh vxuidfh suhsdudwlrq surfhgxuh lv vlplodu wr wkdw ghvfulehg lq

wkh jodqflqj dqjoh [0ud| gl�udfwlrq h{shulphqw ^67` h{fhsw wkdw zh xvhg dq RWV prqrod|hu

rq wkh ixvhg vlolfd sodwh wr pdnh lw k|gurskrelf dqg wkhuhiruh hdv| wr vhsdudwh iurp wkh lfh

fu|vwdo1

Vlqfh dlu zdv suhvhqw lq wkh lfh fkdpehu/ wkh ydsru2lfh +ru ydsru2zdwhu, lqwhuidfh

wkdw zh vwxglhg frxog eh fdoohg dq dlu2lfh +ru dlu2zdwhu, lqwhuidfh dv zhoo1 Khuh zh zloo qrw
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Iljxuh 519= Vfkhpdwlf gudzlqj ri wkh lfh fkdpehu1 +d,Vlqjoh0fu|vwdo lfh vdpsoh iur}hq wr

d ixvhg vlolfd sodwh dw wkh erwwrp1 +e,RWV0frdwhg ixvhg vlolfd sodwh phfkdqlfdoo| vhsd0

udwhg iurp wkh lfh fu|vwdo1 +f,Vwdlqohvv vwhho ohyhuv wkdw oliw xs wkh RWV0frdwhg vlolfd sodwh1

+g,Vwdlqohvv vwhho fodpsv wkdw vhfxuh wkh erwwrp vlolfd sodwh1 +h,Jodvv froru �owhu wr de0

vrue wkh wudqvplwwhg ylvleoh lqsxw sxovh1 +i,Frsshu fkdpehu frrohg zlwk frog qlwurjhq jdv

+frrolqj vwdjh qrw vkrzq,1 +j,R0ulqj1 +k,Fkdpehu fryhu pdgh ri Soh{ljodv1 +m,Ixvhg vlolfd

zlqgrzv1 +n,Rphjd Sw433 sodwlqxp uhvlvwdqfh wkhuprphwhu1

glvwlqjxlvk wkh vxewoh gl�huhqfh1 Ehvlghv wkh ydsru2lfh lqwhuidfh/ zh dovr vwxglhg wkh lqwhu0

idfhv ehwzhhq lfh dqg ixvhg vlolfd sodwhv zklfk zhuh hlwkhu frdwhg zlwk RWV +k|gurskrelf,

ru xqfrdwhg +k|gursklolf,1 Wkhvh wzr lqwhuidfhv zloo eh fdoohg wkh vlolfd2RWV2lfh lqwhuidfh

+Vhf1 51814, dqg wkh vlolfd2lfh lqwhuidfh +Vhf1 51815,/ uhvshfwlyho|1

Wkh VIJ vhwxs kdv ehhq ghvfulehg lq Vhf1 4151 Rqh vshfldo suhfdxwlrq lq wkh lfh

h{shulphqw lv wr dyrlg odvhu khdwlqj dqg gdpdjh1 Lq wkh vwurqj lqiuduhg devruswlrq udqjh

ri lfh +5<33 fp3� wr 68:3 fp3�,/ wkh lqiuduhg lqsxw sxovh hqhuj| zdv uhgxfhg wr derxw

53 �M wr dyrlg odvhu khdwlqj1 Ixuwkhupruh/ wkh vdpsoh fkdpehu zdv sxw rq d frpsxwhu0

frqwuroohg wzr0glphqvlrqdo udvwhu vwdjh wr suhyhqw lqsxw sxovhv iurp uhshdwhgo| klwwlqj wkh

vdph vsrw1 Zlwk vxfk suhfdxwlrqv/ wkh VIJ rxwsxw zdv irxqg wr eh olqhduo| sursruwlrqdo

wr wkh lqiuduhg lqsxw/ lqglfdwlqj qhjoljleoh odvhu khdwlqj ru gdpdjh +vhh Vhf1 51914 iru pruh
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glvfxvvlrq rq wkh h�hfw ri odvhu khdwlqj,1

2�e 5|�_) Lu |�i �@TLhE@�h�%�Ui �?|ihu@Ui

2�e�� , Tih�4i?|@* hit�*|t

Vkrzq lq Ilj1 51: lv d w|slfdo VIJ vshfwuxp ri wkh ydsru2lfh +3334, lqwhuidfh dw

565 N lq frpsdulvrq zlwk wkdw ri wkh oltxlg zdwhu vxuidfh dw 5<6 N +dq hqodujhg zdwhu

vshfwuxp fdq eh irxqg lq Ilj1 815,1 Wkh srodul}dwlrq frpelqdwlrq lv vvs/ zklfk vwdqgv iru

v0/ v0/ dqg s0srodul}hg vxp0iuhtxhqf| rxwsxw/ ylvleoh lqsxw/ dqg lqiuduhg lqsxw/ uhvshfwlyho|1

Wkh VIJ rxwsxw zdv fdoleudwhg djdlqvw d uhihuhqfh }0fxw txduw} fu|vwdo +Vhf1 41615,/ |lhoglqj

wkh vshfwud ri m"
E2�
ig m

2 lq PNV xqlwv/ dqg wkh uh�hfwlrq orvv ri wkh zlqgrzv rq wkh lfh fkdpehu

kdv dovr ehhq fruuhfwhg1 Dv vhhq lq Ilj1 51:/ wkh vshfwuxp ri wkh lfh vxuidfh lv grplqdwhg e|

d vwurqj exw uhodwlyho| eurdg shdn dw �6483 fp3� wkdw uhvhpeohv wkh pdlq RK vwuhwfk shdn

revhuyhg lq wkh Udpdq vshfwuxp ri lfh L� ^86`1 Wklv shdn lv dvvrfldwhg zlwk wkh erqghg RK

vwuhwfklqj prghv lq wkh k|gurjhq erqglqj odwwlfh1 Xqolnh olqhdu yleudwlrqdo vshfwurvfrs|/

lq zklfk wkh duhd xqghu d uhvrqdqw shdn forvho| fruuhvsrqgv wr wkh qxpehu ri frqwulexwlqj

rvfloodwruv/ lq wkh VIJ vshfwuxp wkh lqwhqvlw| ru duhd ri d uhvrqdqw shdn lv yhu| vhqvlwlyh

wr wkh ghjuhh ri rughu1 Wklv h{sodlqv zk| wkh lqwhqvlw| ri wkh erqghg RK shdn iurp wkh

ydsru2lfh lqwhuidfh dsshduv wr eh pruh wkdq 63 wlphv kljkhu wkdq wkdw iurp wkh ydsru2zdwhu

lqwhuidfh/ zklfk lv qrw wkh fdvh lq wkh lqiuduhg devruswlrq dqg Udpdq vshfwud ri lfh dqg

zdwhu1 Ehvlghv wkh erqghg RK shdn/ wkh VIJ vshfwud lq Ilj1 51: dovr h{klelw d vkdus shdn

durxqg 69<8 fp3� dvvrfldwhg zlwk wkh vwuhwfk yleudwlrq ri wkh iuhh RK +ru gdqjolqj RK,

erqgv surwuxglqj iurp wkh vxuidfhv ^74`1
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Iljxuh 51:= VIJ vshfwud ri wkh ydsru2lfh +3334, lqwhuidfh dw 565 N +vtxduhv, dqg wkh

ydsru2zdwhu lqwhuidfh dw 5<6 N +flufohv,1 Wkh srodul}dwlrq frpelqdwlrq lv vvs1
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Iljxuhv 51;/ 51< dqg 5143 glvsod| wkh whpshudwxuh ghshqghqfh ri wkh VIJ vshfwud

ri wkh ydsru2lfh +3334, lqwhuidfh zlwk gl�huhqw srodul}dwlrq frpelqdwlrqv1 Lq Ilj1 51;/ wkh

erqghg RK shdn ghfuhdvhv dv wkh whpshudwxuh lqfuhdvhv exw uhpdlqv vljql�fdqwo| gl�huhqw

iurp wkdw ri oltxlg zdwhu +vkrzq lq wkh lqvhw ri Ilj 51:,1 Iljxuh 51; dovr vkrzv d vpdoo

iuhtxhqf| vkliw ri wkh erqghg RK shdn dv wkh whpshudwxuh lqfuhdvhv/ zklfk lv frqvlvwhqw

zlwk wkh whpshudwxuh ghshqghqfh ri wkh erqghg RK vwuhwfk iuhtxhqf| phdvxuhg e| Udpdq

vshfwurvfrs| ^87`1 Dw wklv srlqw/ zh gr qrw nqrz krz wkh whpshudwxuh ghshqghqfh ri wkh

erqghg RK shdn lq VIJ lv uhodwhg wr wkh dsshdudqfh dqg fkdqjh ri wkh txdvl0oltxlg od|hu

rq wkh lfh vxuidfh1 D prohfxodu g|qdplfv fdofxodwlrq lv suredeo| qhhghg wr �qg wkh dqvzhu1

Wkh iuhh RK shdn lq wkh VIJ vshfwud ri wkh sss srodul}dwlrq frpelqdwlrq +Ilj1 51<,

h{klelwv d gudpdwlf whpshudwxuh ghshqghqfh1 Wkh iuhh RK shdn lv d ihdwxuh wkdw ehorqjv

wr wkh ydsru2lfh lqwhuidfldo od|hu dqg wkhuhiruh fdq eh xvhg wr fkdudfwhul}h wkh vxuidfh

vwuxfwxuh1 Iljxuh 5144 glvsod|v d vhw ri vvs dqg sss vshfwud ri wkh iuhh RK shdn iru wkh

ydsru2lfh lqwhuidfh dw gl�huhqw whpshudwxuhv1 Wkh vrolg olqhv Ilj1 5144 duh �wv wr wkh vshfwud

xvlqj

"
E2�
ig +$2, @ "

E2�
�+cig .

[

^

D^cig

$2 � $^ . l�^

= +5143,

Wkh �wwlqj sdudphwhuv D^cig+vvs,/ D^cig+sss,/ $^ dqg �^ iru wkh iuhh RK vwuhwfk prgh

duh sorwwhg lq Ilj1 5145 dqg Ilj1 5146 dv ixqfwlrqv ri whpshudwxuh +lqfoxglqj pdq| rwkhu

whpshudwxuhv qrw vkrzq lq Ilj1 5144,1 Qrwh wkdw �wwlqj wkh vshfwud zlwk Ht1 +514, frxog

|lhog mD^cig m exw qrw wkh vljq1 Wkh uhodwlyh vljq ri D^cig+vvs, dqg D^cig+sss, zdv phdvxuhg

e| wkh lqwhuihuhqfh ehwzhhq vvs dqg sss xvlqj pl{hg srodul}dwlrqv iru wkh ylvleoh lqsxw dqg

VIJ rxwsxw +dq h{dpsoh ri vxfk d uhodwlyh skdvh phdvxuhphqw fdq eh irxqg lq Ilj1 619,1
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Iljxuh 5144= VIJ vshfwud ri wkh iuhh RK vwuhwfk prgh iru wkh ydsru2lfh +3334, lqwhuidfh dw

ydulrxv whpshudwxuhv1 Wkh srodul}dwlrq frpelqdwlrqv duh vvs dqg sss1
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Iljxuh 5145= Dpsolwxghv D^cig+vvs, dqg D^cig+sss, dqg wkhlu udwlr iru wkh iuhh RK vwuhwfk

prgh dw wkh ydsru2lfh +3334, lqwhuidfh rewdlqhg iurp �wwlqj wkh vshfwud lq Ilj1 51441

D^cig+vvs, dqg D^cig+sss, zhuh irxqg wr kdyh wkh vdph vljq1

Lq Ilj1 5145/ D^cig+vvs, dqg D^cig+sss, glvsod| uhodwlyho| odujh �xfwxdwlrqv1 Wklv

lv ehfdxvh wkh vshfwud iru gl�huhqw whpshudwxuhv zhuh rewdlqhg iurp gl�huhqw vdpsohv rq

gl�huhqw gd|v1 Dowkrxjk surshu qrupdol}dwlrq phwkrgv zhuh xvhg +Vhf1 415,/ vrph xqfrq0

wuroohg h{shulphqwdo frqglwlrqv vxfk dv wkh kxplglw| yduldwlrq lq wkh ode frxog uhvxow lq d

uhodwlyho| odujh xqfhuwdlqw| lq wkh devroxwh VIJ shdn lqwhqvlw| +vhh Ilj1 415 iru wkh lqiuduhg
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Iljxuh 5146= Uhvrqdqw iuhtxhqf| dqg gdpslqj frqvwdqw iru wkh iuhh RK vwuhwfk prgh dw

wkh ydsru2lfh +3334, lqwhuidfh rewdlqhg iurp �wwlqj wkh vshfwud lq Ilj1 51441 Wkh vrolg olqhv

duh jxlghv wr wkh h|h1
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devruswlrq gxh wr wkh zdwhu ydsru lq wkh lqiuduhg ehdp sdwk,1 Krzhyhu/ wkhvh frqglwlrqv

d�hfw D^cig+vvs, dqg D^cig+sss, lq d vlplodu zd| dqg/ wkhuhiruh/ kdyh ohvv h�hfw rq wkh udwlr

ri wkh wzr1 Lw fdq eh vhhq lq Ilj1 5145 wkdw wkh �xfwxdwlrqv ri D^cig+vvs, dqg D^cig+sss,

duh fruuhodwhg/ dqg wkh udwlr glvsod|v vpdoohu �xfwxdwlrqv1

Iurp wkh ydoxhv ri D^cig+vvs, dqg D^cig+sss, dqg wkhlu udwlr lq Ilj1 5145 zh

fdq ghgxfh dq dssur{lpdwh rulhqwdwlrqdo glvwulexwlrq iru wkh iuhh RK erqgv1 Wkh udwlr

D^cig+sss,@D^cig+vvs, uhpdlqv frqvwdqw dw whpshudwxuhv ehorz 533 N dqg ghfuhdvhv frqwlq0

xrxvo| dv wkh whpshudwxuh lqfuhdvhv1 Wklv lqglfdwhv wkdw wkh ydsru2lfh lqwhuidfh xqghujrhv

d frqwlqxrxv vwuxfwxudo fkdqjh zklfk vwduwv durxqg 533 N1

2�e�2 �?@*)t�t Lu |�i uhii �O ML?_t

Wr surfhhg zlwk d pruh txdqwlwdwlyh dqdo|vlv/ zh pxvw �uvw yhuli| rxu wkhruhwlfdo

vshfxodwlrqv uhjduglqj wkh v|pphwu| ri wkh +3334, vxuidfh ri lfh L�1 Li wkh vxuidfh lqghhg

kdv d 90irog v|pphwu|/ iurp rxu wkhru| lq Vhf1 51515/ zh gr qrw h{shfw wr revhuyh dq|

VIJ vljqdo zlwk srodul}dwlrq frpelqdwlrqv vvv/ ssv/ vss dqg svs1 Wkh VIJ vshfwud ri

wkh ydsru2lfh lqwhuidfh zlwk wkhvh iruelgghq srodul}dwlrq frpelqdwlrqv duh suhvhqwhg lq

Ilj1 5147/ lq frpsdulvrq zlwk wkh doorzhg srodul}dwlrq frpelqdwlrqv vvs/ sss dqg vsv1

Dv zh kdg suhglfwhg/ wkhuh zdv lqghhg qr VIJ vljqdo zlwk wkh iruelgghq srodul}dwlrq

frpelqdwlrqv1

Zh pxvw dovr ghwhuplqh zkhwkhu wkh vorz0prwlrq olplw ^Ht1 +51;,` ru wkh udslg0

prwlrq olplw ^Ht1 +51<,` ehwwhu ghvfulehv wkh g|qdplf qdwxuh ri wkh ydsru2lfh lqwhuidfh1 Lq

Fkds1 8 zh zloo vkrz wkdw wkh vwurqj hylghqfh ri prwlrqdo dyhudjlqj h�hfw rq wkh iuhh RK

vwuhwfk prgh lv wkh xqh{shfwhgo| zhdn VIJ vljqdo zlwk wkh vsv srodul}dwlrq frpelqdwlrq1
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Iljxuh 5147= VIJ vshfwud ri wkh ydsru2lfh +3334, lqwhuidfh zlwk gl�huhqw srodul}dwlrq frp0

elqdwlrqv/ ri zklfk wkh orzhu irxu duh iruelgghq e| wkh kh{djrqdo v|pphwu|1
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Iljxuh 5143 vkrzv wkh vsv VIJ vshfwud ri wkh ydsru2lfh lqwhuidfh/ lq zklfk wkh uhvrqdqw

vljqdo ri wkh iuhh RK vwuhwfk lv kdugo| ghwhfwdeoh iru doo whpshudwxuhv1 Wklv uhvhpeohv wkh

fdvh ri wkh ydsru2zdwhu lqwhuidfh +Ilj1 815, dqg lqglfdwhv wkdw wkh udslg0prwlrq olplw lv d

ehwwhu dssur{lpdwlrq iru ghvfulelqj wkh rulhqwdwlrqdo �xfwxdwlrqv ri wkh iuhh RK erqgv dw

wkh ydsru2lfh lqwhuidfh1 Iurp Ht1 +51<, zlwk wkh udslg0prwlrq dssur{lpdwlrq/ zh �qg

D^c%%5 @ D^c++5 @
4

5
Q5

k
dlll

�
4� kfrv2�l

�
. d11l

�
4 . kfrv2�l

�l
kfrv�l > +5144,

D^c555 @ Q5

k
dlllkfrv

2
�l. d11l

�
4� kfrv2�l

�l
kfrv�l > +5145,

D^c%5% @ D^c+5+ @ 3 = +5146,

Khuh Q5 lv wkh vxuidfh ghqvlw| ri wkh iuhh RK erqgv> wkh dqjoh eudfnhwv uhsuhvhqw wkh

hqvhpeoh dyhudjh ryhu i+�,/ wkh srodu rulhqwdwlrqdo glvwulexwlrq ri wkh iuhh RK erqgv lq wkh

wlow dqjoh � +3 � � � �@5, iurp wkh vxuidfh qrupdo +wkh d}lpxwkdo glvwulexwlrq lv lvrwurslf,>

dqg dlll dqg d11l @ d##l duh wkh wzr lqghshqghqw qrqydqlvklqj k|shusrodul}delolw| hohphqwv

ri d iuhh RK erqg +ydoxhv olvwhg lq Ht1 +51:,,1

Li zh vlpso| dvvxph d wuxqfdwhg �dw glvwulexwlrq iru i+�,/

i+�, @ frqvwdqw iru 3 � � � �� >

i+�, @ 3 iru � A �� >

wkhq zh fdq fdofxodwh D^c%%5 dqg D^c555 iru hdfk ydoxh ri �� xvlqj Htv1 +5144, dqg +5145,/

iurp zklfk zh fdq ixuwkhu fdofxodwh D^cig+vvs, dqg D^cig+sss, wkurxjk wkh uhodwlrq

D^cig @ ^O+$r, � ahr` �D^ = ^O+$�, � ah�`^O+$2, � ah2` > +5147,

zkhuh ah� lv wkh xqlw srodul}dwlrq yhfwru ri wkh �hog dw $� dqg O+$�, lv wkh whqvruldo Iuhvqho

idfwru +Dsshqgl{ E,1 Wkh ydoxhv ri wkh Iuhvqho idfwruv xvhg lq wklv fdofxodwlrq duh olvwhg
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Wdeoh 514= Fdofxodwhg Iuhvqho idfwruv iru wkh ydsru2lfh lqwhuidfh1 } lv dorqj wkh vdpsoh

vxuidfh qrupdo/ zlwk wkh {} sodqh ehlqj wkh oljkw lqflghqfh sodqh1 � lv wkh lqflghqfh dqjoh

ri wkh lqsxw ru rxwsxw ehdp1 �� lv wkh h�hfwlyh glhohfwulf frqvwdqw ri wkh vxuidfh prqrod|hu1

$r $� $2
� 777 qp 865 qp 51: �p

q 4164 4164 414;

� 791;� 78� 8:�

O%% 1<9 1<8 4137

O++ 1:: 1:; 1:<

O55 41372��
r

41382��
�

1<92��
2

h%O%% +s, 0199 19: 18:

h+O++ +v, 1:: 1:; 1:<

h5O55 +s, 1:92��
r

1:72��
�

1;32��
2

lq Wdeoh 5141 Wkh uhvxowv ri D^cig+vvs, dqg D^cig+sss, iurp wkh fdofxodwlrq duh suhvhqwhg

lq Ilj1 5148 dv ixqfwlrqv ri ��1 Qrwh wkdw zh kdg vrph xqnqrzq +wkhuhiruh dgmxvwdeoh,

sdudphwhuv lq wklv fdofxodwlrq1 Rqh sdudphwhu lv wkh glhohfwulf frqvwdqw ��
�
ri wkh vxuidfh

prqrod|hu/ dv vkrzq lq Wdeoh 514/ dqg dqrwkhu rqh lv d frpprq idfwru o8+$r,o8+$�,o8+$2,/

zklfk kdv ehhq qhjohfwhg lq Ht1 +51<,1 Wkh sk|vlfdo lpsolfdwlrqv ri ��
�
dqg o8+$�, duh glv0

fxvvhg lq Dsshqgl{ F1 Lq rxu fdofxodwlrq zh dvvxphg wkdw ��
r
@ ��

�
+qhjohfwlqj glvshuvlrq lq

wkh ylvleoh, dqg dgmxvwhg wkh ydoxh ri ��
�
vxfk wkdw wkh fdofxodwhg udwlr D^cig+sss,@D^cig+vvs,

iru �� @ 3 pdwfkhv wkh h{shulphqwdoo| ghgxfhg ydoxh �31<8 dw orz whpshudwxuhv +Ilj1 5145,1

Dw vxfk orz whpshudwxuhv +� 533 N,/ wkh iuhh RK erqgv dw wkh ydsru2lfh +3334, lqwhuidfh

suhvxpdeo| kdyh d �0ixqfwlrq0olnh rulhqwdwlrqdo glvwulexwlrq shushqglfxodu wr wkh vxuidfh1

Iurp wklv zh irxqg ��
r
@ ��

�
@ 4=64/ zklfk djuhhv yhu| zhoo zlwk wkh hvwlpdwh rewdlqhg iurp

wkh prgho suhvhqwhg lq wkh dsshqgl{ ri Uhi1 ^88` ^Ht1 +F19, jlyhv ��
r
@ ��

�
@ 4=5< iru lfh`1

Wkh rwkhu sdudphwhuv ��
2
dqg o8+$r,o8+$�,o8+$2, fdqqrw eh ghwhuplqhg h{shulphqwdoo|/ exw

iruwxqdwho|/ wkh| kdyh qr h�hfw rq wkh uhvxowv lq Ilj1 5148 ehfdxvh wkh| doo fdqfho rxw dv zh

qrupdol}h wkh ydoxhv ri D^cig+vvs, dqg D^cig+sss, zlwk uhvshfw wr wkh ydoxh ri D^cig+vvs, dw
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Iljxuh 5148= Wkhruhwlfdo fdofxodwlrq ri wkh prgh dpsolwxghv D^cig+vvs, dqg D^cig+sss, lq

wkh udslg0prwlrq olplw iru wkh iuhh RK erqgv dw wkh ydsru2lfh +3334, lqwhuidfh1 Doo ydoxhv

duh qrupdol}hg zlwk uhvshfw wr D^cig+vvs, dw �� @ 31
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�� @ 31 ��

2
dqg o

8
+$r,o8+$�,o8+$2, zrxog vwloo d�hfw rxu fdofxodwlrq ri wkh devroxwh dpsol0

wxgh D^cig 1 Iru wklv zh xvhg wkh prgho lq Uhi1 ^88` dqg rewdlqhg dq hvwlpdwh ��
2
� 4=4; dqg

o
8
+$r,o8+$�,o8+$2, � 4=651

Zlwk wkhvh sdudphwhuv zh fdofxodwhg wkh devroxwh dpsolwxghD^cig+vvs, iru �� @ 31

Iurp Htv1 +51<, dqg +5147,/ zh kdyh

D^cig+vvs, @ Q5o8+$r,o8+$�,o8+$2,O+++$r,O+++$�,O55+$2,+vlq�2,d^c##l = +5148,

Wkh vxuidfh ghqvlw| ri iuhh RK erqgv rq wkh lfh +3334, vxuidfh lv rqh txduwhu ri wkh vxuidfh

ghqvlw| ri K2R prohfxohv ehfdxvh rqo| wkh wrs kdoi elod|hu kdv eurnhq k|gurjhq erqgv dqg

rqo| kdoi ri wkh eurnhq k|gurjhq erqgv duh gdqjolqj RK erqgv +Ilj1 515,1 Wkh vxuidfh

ghqvlw| ri K2R prohfxohv lq wkh wrs elod|hu ri wkh lfh +3334, vxuidfh lv 4=47 � 43�D fp32/

dqg rqh txduwhu ri wklv ydoxh jlyhv Q5 @ 5=; � 43�e fp32 +ru 51;2qp2,1 Htxdwlrq +5148,

wkhq |lhogv

D^cig+vvs, @ 4=5<� 433b p2Y3�vhf3� =

Wkh phdvxuhg D^cig+vvs, dw orz whpshudwxuhv lv derxw 4=5� 433b p2Y3�vhf3� +Ilj1 5145,1

Wkh djuhhphqw ehwzhhq wkhru| dqg h{shulphqw khuh lv wuxo| uhpdundeoh frqvlghulqj wkh

xqfhuwdlqwlhv ri wkh lqsxw sdudphwhuv wkdw zh xvhg iru wkh fdofxodwlrq1

Dv zh lqfuhdvh wkh whpshudwxuh/ d frpsdulvrq ri wkh wkhru| +Ilj1 5148, dqg wkh

h{shulphqw +Ilj1 5145, |lhogv wkh pd{lpxp erqg wlow dqjoh �� dv d ixqfwlrq ri whpshudwxuh/

dv vkrzq lq Ilj1 5149+d,1 Dovr vkrzq lq Ilj1 5149+d, lv �� ri wkh iuhh RK erqgv dw wkh

ydsru2zdwhu lqwhuidfh rewdlqhg lq d vlplodu zd| iurp wkh VIJ vshfwud ri wkh ydsru2zdwhu

lqwhuidfh +Ilj1 514:,1
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Iljxuh 5149= +d,Pd{lpxp wlow dqjoh ��/ dqg +e,rulhqwdwlrqdo rughu sdudphwhu V iru wkh iuhh

RK erqgv dw wkh ydsru2lfh dqg ydsru2zdwhu lqwhuidfhv1 Wkh vrolg olqhv duh jxlghv wr wkh

h|h1
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Iljxuh 514:= VIJ vshfwud ri wkh iuhh RK vwuhwfk prgh iru wkh ydsru2zdwhu lqwhuidfh dw

ydulrxv whpshudwxuhv1 Wkh srodul}dwlrq frpelqdwlrqv duh vvs dqg sss1 Qrwh wkdw dw 59; N

zdwhu lv vxshufrrohg1
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Zh fdq frqyhuw �� lqwr d pruh phdqlqjixo rulhqwdwlrqdo rughu sdudphwhu V gh�qhg

dv

V @
6kfrv2 �l � 4

5
+5149,

wr ghvfuleh wkh rughulqj ri wkh iuhh RK erqgv1 Li �� $ 3/ wkhq V $ 4 fruuhvsrqglqj wr

shuihfw rulhqwdwlrqdo rughu1 Wkh rwkhu h{wuhph lv �� @ �@5 ohdglqj wr V @ 3 iru wrwdo

glvrughu1 Rqh dgydqwdjh ri xvlqj V lqvwhdg ri �� lv wkdw V grhv qrw ghshqg rq rxu

dvvxpswlrqv iru wkh glvwulexwlrq ixqfwlrq i+�,1 Wklv fdq eh vhhq iurp Htv1 +5144, dqg

+5145,/ iurp zklfk wkh udwlr D^c555@D^c++5 ghshqgv rqo| rq kfrv2 �l uhjdugohvv ri wkh dfwxdo

vkdsh ri i+�,1 Wkh ydoxhv ri V duh glvsod|hg lq Ilj1 5149+e,1 V lv forvh wr 4 ehorz 533 N

dqg gursv dssuhfldeo| dv wkh whpshudwxuh lqfuhdvhv deryh 533 N1

2�e�� W4T*�U@|�L?t uLh t�hu@Ui 4i*|�?} Lu �Ui

Dq dssduhqw rqvhw ri vxuidfh phowlqj fdq eh gh�qhg dv wkh srlqw dw zklfk vxuidfh

glvrughu ehfrphv ghwhfwdeoh1 Rxu h{shulphqw lqglfdwhv wkdw wkh rqvhw ri vxuidfh phowlqj ri

lfh lv durxqg �533 N/ ehorz zklfk wkh vxuidfh prqrod|hu lv vwloo vrolg exw deryh zklfk lw

ehfrphv lqfuhdvlqjo| glvrughuhg1 Rxu rqvhw whpshudwxuh lv orzhu wkdq wkrvh rewdlqhg e|

rwkhu whfkqltxhv1 Wklv lv suhvxpdeo| ehfdxvh rxu VIJ whfkqltxh lv pruh vxuidfh vshfl�f dqg

vhqvlwlyh wr wkh glvrughu ri wkh vxuidfh prqrod|hu1 Iru h{dpsoh/ wkh uhfhqw phdvxuhphqw ri

{0ud| vfdwwhulqj dw jodqflqj dqjohv irxqg wkdw iru wkh +3334, lfh vxuidfh/ wkh rqvhw ri vxuidfh

phowlqj zdv dw 58<18 N 	 518 N/ ehorz zklfk qr vxuidfh phowlqj frxog eh revhuyhg ^67`1

Krzhyhu/ wkh phdvxuhphqw glg qrw kdyh hqrxjk vhqvlwlylw| wr ghwhfw d ihz prqrod|huv ri

wkh txdvl0oltxlg1 H{wudsrodwlrq ri wkh gdwd wr }hur txdvl0oltxlg od|hu wklfnqhvv wr rewdlq wkh
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rqvhw whpshudwxuh iru vxuidfh phowlqj frxog |lhog wrr kljk d ydoxh1

Wkh xvxdo phowlqj wudqvlwlrq lq wkh exon lv d �uvw rughu skdvh wudqvlwlrq/ lq zklfk

deuxsw fkdqjhv ri sk|vlfdo surshuwlhv duh h{shfwhg wr rffxu1 Krzhyhu/ Ilj1 5149 vkrzv

wkdw/ zlwklq wkh h{shulphqwdo xqfhuwdlqw|/ wkh ghfuhdvh ri wkh rughu sdudphwhu V ri wkh yd0

sru2lfh lqwhuidfh lv frqwlqxrxv1 Wklv lqglfdwhv wkdw wkh txdvl0oltxlg od|hu kdv d whpshudwxuh0

ghshqghqw vwuxfwxuh dqg vxjjhvwv wkdw wkhuh vkrxog eh d vwuxfwxudo yduldwlrq dfurvv wkh

txdvl0oltxlg od|hu rq wkh lfh vxuidfh1 Wklv slfwxuh lv frqvlvwhqw zlwk wkh uhvxowv ri prohfxodu

g|qdplfv vlpxodwlrqv ^56/ 58` exw gl�huhqw iurp wkh vlpsoh prghov ri vxuidfh phowlqj xvhg

lq wkh dqdo|vhv ri pdq| h{shulphqwdo uhvxowv1 Wkh odwwhu dvvxph d txdvl0oltxlg od|hu zlwk

xqlirup vwuxfwxudo surshuwlhv1

Dq lqwhuhvwlqj ihdwxuh glvsod|hg lq Ilj1 5149 lv wkdw qhdu wkh exon phowlqj whp0

shudwxuh +5:6 N,/ wkh rughu sdudphwhu V ri wkh lfh vxuidfh lv hyhq orzhu wkdq wkdw ri wkh

vxshufrrohg zdwhu vxuidfh1 Dowkrxjk qrw sk|vlfdoo| lpsrvvleoh/ wklv vhhpv vxusulvlqj dqg

qhhgv d jrrg wkhruhwlfdo h{sodqdwlrq1 Lq dq| fdvh/ lw lqglfdwhv wkdw wkh txdvl0oltxlg od|hu

rq lfh lv gl�huhqw iurp wkh vxuidfh od|hu ri zdwhu1 Wkhuh lv d orqj0ghedwhg txhvwlrq zkhwkhu

vxuidfh phowlqj ri lfh lv frpsohwh ru lqfrpsohwh +l1h1/ zkhwkhu wkh wklfnqhvv ri wkh txdvl0

oltxlg od|hu glyhujhv ru uhpdlqv �qlwh dv wkh whpshudwxuh dssurdfkhv 5:6 N, ^63`1 Rxu uhvxow

khuh idyruv wkh lqfrpsohwh vxuidfh phowlqj vfhqdulr ehfdxvh rwkhuzlvh rqh zrxog h{shfw wkh

vxuidfh vwuxfwxuh ri wkh txdvl0oltxlg od|hu wr dssurdfk wkdw ri qrupdo zdwhu dv wkh od|hu

wklfnqhvv glyhujhv1
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D vhw ri VIJ vshfwud ri d k|gurskrelf lfh lqwhuidfh/ wkh ixvhg0vlolfd2RWV2lfh

+3334, lqwhuidfh/ dw gl�huhqw whpshudwxuhv duh vkrzq lq Ilj1 514;1 Wkh vshfwud dsshdu wr

eh vlplodu wr wkrvh iurp wkh ydsru2lfh lqwhuidfh/ zlwk d vwurqj dqg eurdg k|gurjhq0erqghg

RK shdn dqg d vkdus iuhh RK shdn1 Dq dgglwlrqdo vkdus shdn dw �5<73 fp3� lv dvvrfldwhg

zlwk d FK vwuhwfk prgh ri wkh phwk|o jurxsv rq wkh RWV prqrod|hu1

Iljxuh 514< glvsod|v d vhw ri VIJ vshfwud iru wkh iuhh RK vwuhwfk lq erwk vvs dqg

sss srodul}dwlrq frpelqdwlrqv1 Frpsduhg zlwk wkh ydsru2lfh lqwhuidfh +Ilj1 5144,/ wkh iuhh

RK shdn lv vkliwhg e| �58 fp3� wr orzhu iuhtxhqf| gxh wr wkh k|gurskrelf lqwhudfwlrq

zlwk wkh RWV prqrod|hu1 Vlplodu uhg vkliw ri wkh iuhh RG vwuhwfk dw d k|gurskrelf G2R

lfh lqwhuidfh kdv ehhq uhsruwhg ehiruh e| lqiuduhg vshfwurvfrs| ^89`1

D pdmru gl�huhqfh ehwzhhq wkh vlolfd2RWV2lfh dqg ydsru2lfh lqwhuidfhv lv wkdw wkh

iuhh RK shdn iurp wkh vlolfd2RWV2lfh lqwhuidfh uhpdlqv yhu| zhdn dqg kdugo| ghwhfwdeoh iru

doo whpshudwxuhv zlwk sss srodul}dwlrq frpelqdwlrq1 Zlwk wkh vdph dqdo|vlv zh glg iru wkh

ydsru2lfh lqwhuidfh/ zh fdph wr wkh frqfoxvlrq wkdw wkh K2R prohfxohv dw wkh vlolfd2RWV2lfh

lqwhuidfh duh glvrughuhg lq rulhqwdwlrq uhjdugohvv ri wkh whpshudwxuh/ suhvxpdeo| ehfdxvh

ri wkh urxjkqhvv ri wkh vxuidfh ri wkh ixvhg +dpruskrxv, vlolfd sodwh rq d plfurvfrslf vfdoh1

Dv zh vhsdudwh wklv vlolfd sodwh iurp wkh lfh fu|vwdo/ wkh h{srvhg lfh vxuidfh txlfno| uhod{hv

wr d plfurvfrslfdoo| �dw vxuidfh zklfk jlyhv ulvh wr d fohdu iuhh RK shdn zlwk wkh sss

srodul}dwlrq frpelqdwlrq +Ilj1 5144,1
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Iljxuh 514;= VIJ vshfwud ri wkh vlolfd2RWV2lfh +3334, lqwhuidfh dw ydulrxv whpshudwxuhv/ lq

frpsdulvrq zlwk wkh vshfwuxp ri wkh vlolfd2RWV2zdwhu lqwhuidfh dw 5;6 N1 Wkh srodul}dwlrq

frpelqdwlrq lv vvs1
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Iljxuh 514<= VIJ vshfwud ri wkh iuhh RK vwuhwfk prgh iru wkh vlolfd2RWV2lfh +3334, lqwhuidfh

dw ydulrxv whpshudwxuhv1 Wkh srodul}dwlrq frpelqdwlrqv duh vvs dqg sss1
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Lq frpsdulvrq zlwk wkh k|gurskrelf lfh lqwhuidfh/ zh dovr phdvxuhg d k|gursklolf

lfh lqwhuidfh e| xvlqj d fohdq +xqfrdwhg, ixvhg vlolfd sodwh wr uhsodfh wkh RWV0frdwhg rqh1

Wkh vlolfd sodwh zdv fohdqhg zlwk dflg/ ulqvhg zlwk ghlrql}hg zdwhu dqg eorzq gu| zlwk

qlwurjhq jdv1 Vxfk d vlolfd vxuidfh lv nqrzq wr eh whuplqdwhg e| �82qp2 VlRK +vlodqro,

jurxsv/ zklfk fdq irup k|gurjhq erqgv zlwk zdwhu dqg wkxv pdnh wkh vxuidfh k|gursklolf

^8:`1 Wkh RK vwuhwfk ri wkh vlodqro jurxsv rq d k|gursklolf vlolfd vxuidfh kdv ehhq uhsruwhg

wr eh revhuydeoh lq wkh VIJ vshfwuxp ^8;`1

Wkh phdvxuhg vshfwud ri wkh vlolfd2lfh lqwhuidfh duh suhvhqwhg lq Ilj1 51531 Wkh

iuhh RK shdn kdv glvdsshduhg gxh wr k|gurjhq erqglqj wr wkh vlodqro jurxsv rq wkh vlolfd

vxuidfh/ vlplodu wr wkh fdvh ri wkh vlolfd2zdwhu lqwhuidfh ^75`1

Wkh erqghg RK shdn/ krzhyhu/ uhpdlqv vwurqj xs wr 5:5 N1 Lq rxu h{shulphqw/ zh

lqfuhdvhg wkh vdpsoh whpshudwxuh yhu| vorzo| vr wkdw zh frxog dfwxdoo| phow wkh vlolfd2lfh

lqwhuidfh dqg irup d wklq od|hu ri oltxlg zdwhu +ghqrwhg dv 5:6n N lq Ilj1 5153,1 Dq

lqwhuhvwlqj wudqvlwlrq zdv revhuyhg1 Dv wkh lqwhuidfh vwduwhg wr phow/ wkh erqghg RK shdn

�uvw eurdghqhg dqg ghfuhdvhg wr d plqlpxp/ dqg wkhq lqfuhdvhg djdlq1 Lq wkh phdq wlph

dqrwkhu uhvrqdqw shdn durxqg 6783 fp3� hphujhg1

D w|slfdo vlolfd2zdwhu vshfwuxp zdv uhsruwhg ehiruh ^75`/ lq zklfk wkh uhodwlyho|

vwurqj VIJ vljqdo ri wkh erqghg RK vwuhwfk zdv h{sodlqhg e| srodu rughulqj ri wkh zdwhu

prohfxohv lq wkh hohfwulf grxeoh od|hu fuhdwhg e| wkh hohfwulf fkdujh rq wkh vlolfd vxuidfh gxh

wr lrql}dwlrq ri wkh vlodqro jurxsv1 Vxfk dq lqwhusuhwdwlrq zdv yhul�hg e| wkh yduldwlrq ri

wkh VIJ vshfwuxp zlwk wkh sK ydoxh ri zdwhu1 Lq wklv slfwxuh wkh vlolfd vxuidfh lv qhjdwlyho|
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Iljxuh 5153= VIJ vshfwud ri wkh vlolfd2lfh +3334, lqwhuidfh dw ydulrxv whpshudwxuhv1 Wkh

vshfwuxp dw 5:6n N zdv wdnhq zkhq d wklq od|hu ri zdwhu kdg ehhq iruphg dw wkh lqwhuidfh1

Wkh srodul}dwlrq frpelqdwlrq lv vvs1
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Sample

Visible

Infrared
Phase modulator 

Quartz crystal 

Iljxuh 5154= VIJ skdvh phdvxuhphqw1 Lqwhuihuhqfh lv dfklhyhg e| irfxvlqj wkh wkuhh ehdpv
rqwr d wklq qrqolqhdu rswlfdo fu|vwdo +}0fxw txduw}/ 83 �p wklfn,/ dqg wkh skdvh ri wkh
uh�hfwhg lqiuduhg ehdp fdq eh prgxodwhg e| wlowlqj d jodvv �op lq lwv rswlfdo sdwk1

fkdujhg dqg fdxvhv wkh zdwhu prohfxohv lq wkh hohfwulf grxeoh od|hu wr rulhqw wkhlu RK erqgv

+ru glsroh prphqwv, wrzdugv wkh vlolfd vxuidfh1 Lq wkh fdvh ri wkh vlolfd2lfh lqwhuidfh/ dq

hohfwulf grxeoh od|hu grhv qrw h{lvw/ dqg wkh vwurqj erqghg RK vljqdo fdq rqo| eh h{sodlqhg

e| d qhw erqg rulhqwdwlrq srlqwlqj wrzdugv lfh1 D �lsslqj ri wkh prohfxodu rulhqwdwlrq dw wkh

vlolfd2zdwhu lqwhuidfh zkhq phowlqj rffxuv zrxog h{sodlq wkh plqlpxp lqwhqvlw| ri wkh VIJ

vljqdo1 Wr frq�up wklv lqwhusuhwdwlrq/ zh shuiruphg d uhodwlyh VIJ skdvh phdvxuhphqw dv

looxvwudwhg lq Ilj1 5154/ edvhg rq wkh idfw wkdw wkh qrqolqhdu vxvfhswlelolw| fkdqjhv lwv vljq

zkhq wkh dyhudjh rulhqwdwlrq ri wkh prohfxohv lv lqyhuwhg1 Wklv phwkrg zdv xvhg suhylrxvo|

wr vwxg| wkh prohfxodu rulhqwdwlrq ri zdwhu prohfxohv lq wkh hohfwulf grxeoh od|hu dw wkh

vlolfd2zdwhu lqwhuidfh dv wkh sK ydoxh fkdqjhv ^8<`1 E| ydu|lqj wkh skdvh ri wkh uh�hfwhg

lqiuduhg ehdp/ zh rewdlqhg d prgxodwlrq ri VIJ lqwhqvlw| gxh wr wkh lqwhuihuhqfh ehwzhhq

wkh VIJ vljqdo iurp wkh vdpsoh dqg wkh vljqdo jhqhudwhg iurp d uhihuhqfh qrqolqhdu rswlfdo

fu|vwdo1 Dv zh zduphg wkh vdpsoh dqg fkdqjhg lw iurp vlolfd2lfh +586 N, lqwr vlolfd2zdwhu
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Iljxuh 5155= Rxw0ri0skdvh lqwhuihuhqfh sdwwhuqv rewdlqhg iurp vlolfd2lfh dqg vlolfd2zdwhu

lqwhuidfhv lq wkh VIJ skdvh phdvxuhphqw1

+5:6 N,/ wkh lqwhuihuhqfh sdwwhuq kdg d �4;3 � skdvh vkliw +Ilj1 5155,/ zklfk frq�uphg

wkdw wkh k|gurjhq erqghg RK erqgv dw wkh vlolfd2lfh dqg vlolfd2zdwhu lqwhuidfhv duh lqghhg

rulhqwhg lq rssrvlwh gluhfwlrqv1

Lqwhuhvwlqjo|/ wkh vwurqj erqghg RK shdn dw wkh vlolfd2lfh lqwhuidfh fdq eh juhdwo|

hqkdqfhg e| grslqj wkh lfh fu|vwdo zlwk d vpdoo dprxqw ri dpprqld/ dv vkrzq lq Ilj1 51561

Wkh dpprqld0grshg lfh fu|vwdo zdv jurzq iurp dq dpprqld0zdwhu vroxwlrq zlwk d sK ydoxh

ri 4413 dw urrp whpshudwxuh1 Wkh fu|vwdo jurzwk udwh zdv �5 �p2vhf/ wzlfh dv idvw dv wkh

xvxdo jurzwk udwh iru jurzlqj sxuh lfh fu|vwdov1 Idvw jurzwk khosv dpprqld wr lqfrusrudwh

lqwr wkh lfh fu|vwdo1 D whvw vdpsoh zdv phowhg diwhu jurzwk wr phdvxuh wkh dfwxdo grslqj

frqfhqwudwlrq1 Wkh sK ydoxh ri wkh phowhg whvw vdpsoh zdv 43148/ fruuhvsrqglqj wr d QK�

grslqj frqfhqwudwlrq ri �4 pP1

Wkh hqkdqfhphqw ri wkh erqghg RK shdn gxh wr QK� fdq eh h{sodlqhg dv iroorzv1
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Iljxuh 5156= VIJ vshfwud ri wkh vlolfd2lfh lqwhuidfhv zlwk dpprqld0grshg dqg xqgrshg lfh

fu|vwdov1 Wkh QK� produ frqfhqwudwlrq lq wkh grshg fu|vwdo lv �4 pP1 Hdfk vshfwuxp lv

dq dyhudjh ri vhyhudo vshfwud lq wkh whpshudwxuh udqjh 556058; N wr lpsuryh wkh vljqdo wr

qrlvh udwlr1
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Iljxuh 5157= Wzr glphqvlrqdo looxvwudwlrq ri wkh QK� lqgxfhg srodu rughulqj ri wkh K2R

prohfxohv qhdu wkh vlolfd2lfh lqwhuidfh1 Wkh vxuidfh ghqvlw| ri QK� dqg wkh ghjuhh ri srodu

rughulqj duh h{djjhudwhg iru fodulw|1

Vlqfh wkh vlolfd2lfh lqwhuidfh zdv iruphg e| phowlqj dqg uhiuhh}lqj wkh lfh fu|vwdo/ wkh

lqwhuidfh zdv olnho| wr kdyh d pxfk kljkhu QK� frqfhqwudwlrq wkdq wkh exon1 Wkh QK�

frqfhqwudwlrq dw wkh lqwhuidfh zdv qrw kljk hqrxjk iru d vwurqj QK vwuhwfk shdn wr vkrz

xs lq wkh VIJ vshfwuxp +wkh QK v|pphwulf vwuhwfk shdn zdv uhsruwhg wr eh dw 6645 fp3�

lq wkh VIJ vshfwuxp iurp wkh dpprqld0zdwhu vroxwlrq vxuidfh ^93`, exw frxog vwloo kdyh

d gudpdwlf h�hfw rq wkh qhw rulhqwdwlrq ri wkh K2R prohfxohv qhdu wkh vlolfd2lfh lqwhuidfh1

Dv looxvwudwhg lq Ilj1 5157/ vrph QK� prohfxohv pd| irup vwurqj k|gurjhq erqglqj zlwk

wkh vlodqro jurxsv rq wkh vlolfd vxuidfh zlwk wkh qlwurjhq dwrpv idflqj vlolfd/ uhvxowlqj lq

dq h{fhvvlyh qxpehu ri surwrqv +QK erqgv, srlqwlqj lqwr lfh1 Vwduwlqj iurp wkhvh vxuidfh0

dqfkruhg QK� prohfxohv/ wkh K2R prohfxohv zloo dgrsw wkh vdph rulhqwdwlrq +zlwk d qhw

glsroh prphqw srlqwlqj wr wkh exon lfh, wr reh| wkh Ehuqdo0Irzohu lfh uxohv ^94` xqwlo

Emhuuxp ghihfwv +eurnhq k|gurjhq erqg zlwk wzr surwrqv idflqj hdfk rwkhu, duh fuhdwhg

^95/ 96`1 Frqvhtxhqwo|/ qhw srodu rughulqj ri wkh K2R prohfxohv lv hvwdeolvkhg qhdu wkh
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lqwhuidfh/ zklfk hqkdqfhv wkh VIJ vljqdo1 D vlplodu phfkdqlvp zdv xvhg wr h{sodlq wkh

vwurqj erqghg RK vljqdo lq VIJ iurp d od|hu ri lfh jurzq rq wkh Sw+444, vxuidfh ^77`1

2�S #�tU�tt�L?

2�S�� w@tih �i@|�?}

Rqh ri rxu pdmru frqfhuqv lq wklv h{shulphqw zdv wr hqvxuh wkdw wkh uhvxowv vkrzq

lq Ilj1 5149 duh lqwulqvlf dqg qrw d frqvhtxhqfh ri odvhu khdwlqj1 Iruwxqdwho|/ lfh grhv qrw

devrue wkh lqiuduhg lq wkh iuhh RK udqjh dv vwurqjo| dv lw grhv lq wkh erqghg RK udqjh1 Wkh

lqiuduhg shqhwudwlrq ghswk lq lfh lv � 73�p dw 6:33 fp3�/ lq frpsdulvrq wr ohvv wkdq 4 �p

dw wkh shdn devruswlrq iuhtxhqf| 6583 fp3�1 Zh whvwhg wkh khdwlqj h�hfw h{shulphqwdoo|1

Ilj1 5158 vkrzv d vhw ri VIJ vshfwud ri wkh ydsru2lfh lqwhuidfh zlwk gl�huhqw lqiuduhg lqsxw

hqhuj|1 Dwwhqxdwlrq ri wkh lqiuduhg sxovh zdv dfklhyhg e| lqvhuwlqj vlolfrq zlqgrzv +5 pp

wklfn/ srolvkhg rq erwk vlghv, lq wkh lqiuduhg ehdp sdwk dqg uhdgmxvwlqj wkh wlph ghod|1

Lq wkh iuhh RK udqjh wkh h�hfw ri odvhu khdwlqj zdv irxqg wr eh qhjoljleoh1 Krzhyhu/ odvhu

khdwlqj fdq eh d vhulrxv sureohp lq wkh erqghg RK udqjh vlqfh wkh hqhuj| ri hdfk lqiuduhg

lqsxw sxovh +�433 �M frqfhqwudwhg lq dq duhd ri �4 pp2, lv hqrxjk wr phow wkh vxuidfh

od|hu ri lfh1 Dv vkrzq lq Ilj1 5158/ odvhu khdwlqj uhgxfhg wkh VIJ vljqdo ri wkh erqghg RK

vwuhwfk1 Dv zh ixuwkhu dwwhqxdwhg wkh lqiuduhg wr ehorz 53( ri lwv ixoo srzhu/ odvhu khdwlqj

ehfdph qhjoljleoh dv lqglfdwhg e| wkh olqhdu ghshqghqfh ri wkh VIJ lqwhqvlw| rq wkh lqsxw

lqiuduhg srzhu1 Wkhuhiruh/ zh fkrvh wr xvh 53( ri wkh ixoo lqiuduhg srzhu wr rewdlq wkh VIJ

vshfwud ri lfh lq wkh erqghg RK udqjh +5<33 fp3� wr 68:3 fp3�,1

Odvhu khdwlqj vhwv d sudfwlfdo olplw rq rxu vwxg| ri wkh erqghg RK shdn qhdu
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Iljxuh 5158= Whvw ri odvhu khdwlqj h�hfw zlwk gl�huhqw lqiuduhg lqsxw sxovh hqhujlhv1 Wkh

VIJ lqwhqvlw| kdv ehhq qrupdol}hg djdlqvw wkh lqiuduhg srzhu1 +d,Lq wkh erqghg RK udqjh/

wkh ghfuhdvh ri wkh VIJ lqwhqvlw| zlwk wkh lqfuhdvh ri wkh lqiuduhg srzhu lv gxh wr odvhu

khdwlqj1 +e,Lq wkh iuhh RK udqjh/ odvhu khdwlqj lv qhjoljleoh1

5:6 N1 Wkh yhu| orz lqwhqvlw| ri wkh erqghg RK shdn dw 5:518 N lq Ilj1 514; frxog eh dq

duwlidfw gxh wr odvhu khdwlqj1 Wkh vlolfd2lfh vshfwud lq vrph hduo| sxeolfdwlrqv ^75/ 76` frxog

kdyh vx�huhg iurp odvhu khdwlqj dv zhoo1

2�S�2 5�hu@Ui hL�}�i?�?}

Wkh urxjkhqlqj wudqvlwlrq lv dqrwkhu skhqrphqrq wkdw rffxuv rq vrolg vxuidfhv ^97`

dqg riwhq uhvxowv lq wkh glvdsshdudqfh ri idfhwv dqg urxqglqj xs ri wkh htxloleulxp fu|vwdo

vkdsh1 Vxuidfh urxjkhqlqj lv vlplodu wr vxuidfh phowlqj lq wkh vhqvh wkdw lw dovr fdxvhv

glvrughu dw d vrolg vxuidfh1 Xqolnh rwkhu whfkqltxhv zklfk phdvxuh krz wkh txdvl0oltxlg

od|hu rq lfh jurzv lq wklfnqhvv dqg h{whqgv lqwr wkh exon/ VIJ rqo| phdvxuhv wkh glvrughu

lq wkh wrs vxuidfh od|hu1 Wr ghwhuplqh zkhwkhu wkh vxuidfh glvrughu revhuyhg e| VIJ lv gxh
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wr vxuidfh phowlqj ru vxuidfh urxjkhqlqj/ zh uhihu wr rwkhu h{shulphqwv1 Hoedxp vwxglhg wkh

vxuidfh urxjkhqlqj ri lfh zlwk lqwhuihuhqfh plfurvfrs| ^98` dqg irxqg wkdw wkh urxjkhqlqj

wudqvlwlrq grhv qrw kdsshq rq wkh +3334, edvdo vxuidfh ri lfh dw doo whpshudwxuhv xs wr

wkh wulsoh srlqw/ lq frqwudvw wr wkh +43�43, sulvp vxuidfh/ rq zklfk d urxjkhqlqj wudqvlwlrq

zdv revhuyhg durxqg 05�F1 Lq rxu h{shulphqw/ zh xvhg wkh +3334, vxuidfh dqg revhuyhg

wkh vxuidfh glvrughu dw pxfk orzhu whpshudwxuhv wkdq wkh whpshudwxuh udqjh lq Uhi1 ^98`1

Vxuidfh urxjkhqlqj dv wkh h{sodqdwlrq fdq wkxv eh uxohg rxw1

Zh vkrxog phqwlrq wkdw zh kdg dqrwkhu nlqg ri urxjkhqlqj ri wkh lfh vxuidfh

gxulqj rxu h{shulphqw/ zklfk lv rq d pxfk odujhu ohqjwk vfdoh1 Zh irxqg wkdw wkh vprrwk0

qhvv ri wkh ydsru2lfh lqwhuidfh dsshduhg wr ghwhulrudwh gxulqj wkh h{shulphqw/ hvshfldoo|

zkhq wkh whpshudwxuh zdv deryh 586 N/ suhvxpdeo| gxh wr h{whqghg h{srvxuh wr wkh kljk

lqwhqvlw| odvhu sxovhv1 Dowkrxjk wkh h�hfw ri odvhu khdwlqj rq wkh VIJ vshfwud zdv frq0

�uphg wr eh qhjoljleoh/ plog odvhu khdwlqj zdv vwloo suhvhqw dqg frxog glvwxue wkh gholfdwh

g|qdplf htxloleulxp dw wkh ydsru2lfh lqwhuidfh/ uhvxowlqj lq d vorz ghwhulrudwlrq ri wkh vxu0

idfh vprrwkqhvv rq d pdfurvfrslf vfdoh1 Krzhyhu/ zh irxqg wkdw wklv nlqg ri urxjkhqlqj

uhgxfhv wkh iuhh RK shdn lqwhqvlwlhv lq vvs dqg sss sursruwlrqdoo| dqg wkxv grhvq*w d�hfw

wkh udwlr D^cig+sss,@D^cig+vvs,/ d phdvxuh ri wkh vxuidfh rughu1 Wklv lqglfdwhv wkdw wkh

VIJ vljqdo zdv vwloo grplqdwhg e| odujh �dw +3334, whuudfhv dw wkh ydsru2lfh lqwhuidfh1 Zh

dovr irxqg wkdw wkh uhgxfwlrq ri wkh VIJ vljqdo gxh wr vxfk urxjkhqlqj zdv dssur{lpdwho|

sursruwlrqdo wr wkh uhgxfwlrq ri wkh lqwhqvlw| ri wkh vshfxodu uh�hfwlrq ri wkh 865 qp ylvleoh

lqsxw sxovh1 D skrwrglrgh zdv xvhg lq rxu h{shulphqw wr prqlwru wkh vprrwkqhvv ri wkh

ydsru2lfh lqwhuidfh e| phdvxulqj wkh uh�hfwhg ylvleoh sxovh1 Zh fruuhfwhg wkh VIJ vlj0
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qdo dffruglqj wr wkh phdvxuhg ylvleoh uh�hfwlrq lqwhqvlw| zkhq qhfhvvdu|/ dqg whuplqdwhg

wkh h{shulphqw li wkh uh�hfwhg ylvleoh sxovh lqwhqvlw| gursshg wr ehorz 526 ri wkdw iurp d

shuihfwo| vprrwk lfh vxuidfh1

2�S�� ,giU| Lu �4T�h�|�it

Lw kdv ehhq vxjjhvwhg wkdw lpsxulwlhv pd| d�hfw wkh vxuidfh phowlqj ri lfh ^55/ 63`1

Lq rxu vwxg| ri wkh ydsru2lfh lqwhuidfh/ krzhyhu/ wkh lpsxulw| h�hfw gxh wr frqwdplqdwlrq

ri wkh lfh vdpsoh lv xqolnho| wr eh vljql�fdqw1 Zh qrwh wkdw lq d uhfhqw h{shulphqw wr

ghprqvwudwh wkh h�hfw ri lpsxulwlhv/ dq lfh vdpsoh frqwdlqlqj d yhu| kljk frqfhqwudwlrq

+43 pP, ri NFo zdv xvhg ^69`1 Rxu lfh fu|vwdov zhuh jurzq dqg suhsduhg xqghu fohdq

frqglwlrqv/ dqg wkhuhiruh/ frqfhuqv derxw lrqlf lpsxulwlhv zlwk d kljk frqfhqwudwlrq vhhp

wr eh luuhohydqw1 Lw zrxog eh lqwhuhvwlqj wr vwxg| wkh lpsxulw| h�hfw e| grslqj wkh lfh

fu|vwdov dv zh glg iru wkh vlolfd2lfh lqwhuidfh zlwk dpprqld0grshg lfh +Vhf1 51815,/ lq zklfk

QK� zlwk d frqfhqwudwlrq ri �4 pP zdv vxffhvvixoo| grshg lqwr wkh lfh fu|vwdo1 Lw zdv

ghprqvwudwhg wkdw d pxfk kljkhu grslqj frqfhqwudwlrq +933 ssp ru 63 pP, ri NRK lq lfh

fdq eh dfklhyhg +eh|rqg zklfk wkh lfh fu|vwdo wxuqv voljkwo| plon|, ^99`1

Vrph dlueruqh lpsxulwlhv duh pruh olnho| wr eh d vrxufh ri frqwdplqdwlrq wkdq

lrqlf lpsxulwlhv vlqfh dlu zdv suhvhqw lq rxu h{shulphqw1 Rqh w|slfdo frqwdplqdqw lq dwpr0

vskhuh lv wkh k|gurfduerq1 Lq rxu h{shulhqfh/ wklv nlqg ri lpsxulw| dw wkh ydsru2zdwhu ru

ydsru2lfh lqwhuidfh lv olnho| wr vxssuhvv wkh gdqjolqj RK erqgv1 Lq wkh fxuuhqw h{shulphqw/

k|gurfduerq frqwdplqdwlrq lv xqolnho| ehfdxvh ri wkh fohdu suhvhqfh ri wkh iuhh RK erqgv1

Dqrwkhu dlu eruqh lpsxulw| lv fduerq glr{lgh +FR2,1 Zh kdyh wulhg wr vwxg| wkh h�hfw e|

lqwhqwlrqdoo| grvlqj wkh lfh fkdpehu zlwk FR2 jdv1 Xqiruwxqdwho|/ FR2 kdv dq lqiuduhg de0
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vruswlrq edqg uljkw dw wkh iuhh RK vwuhwfk iuhtxhqf| dqg suhyhqwhg xv iurp jhwwlqj uholdeoh

VIJ vshfwud iurp wkh FR22lfh lqwhuidfh1 Wklv sureohp frxog eh vroyhg e| uhgxflqj wkh

lqiuduhg ehdp sdwk lq wkh lfh fkdpehu1 Lqyhvwljdwlqj wkh lpsxulw| h�hfw rq vxuidfh phowlqj

ri lfh lv dq rqjrlqj surmhfw1

2�. �L?U*�t�L?

Lq vxppdu|/ zh kdyh xvhg VIJ yleudwlrqdo vshfwurvfrs| wr vwxg| vxuidfh phowlqj

ri lfh e| surelqj wkh vwuxfwxuh ri wkh yhu| �uvw prqrod|hu ri wkh +3334, vxuidfh ri lfh L�1

Rulhqwdwlrqdo glvrughulqj ri wkh vxuidfh prohfxohv dv d vljqdwxuh ri vxuidfh phowlqj dsshduv

wr vhw lq durxqg 533 N1 Wkh ghjuhh ri glvrughu lqfuhdvhv zlwk whpshudwxuh dqg vkrzv wkdw

wkh txdvl0oltxlg od|hu rq wkh lfh vxuidfh lv vwuxfwxudoo| gl�huhqw iurp wkh qrupdo zdwhu

vxuidfh od|hu1 Rxu uhvxowv vxjjhvw wkdw wkh xvxdo prgho wuhdwlqj wkh txdvl0oltxlg od|hu dv d

vwuxfwxudoo| xqlirup �op vkrxog eh prgl�hg1



8<

��@T|ih �

5�hu@Ui @*�}?4i?| Lu TL*)4iht

��� W?|hL_�U|�L?

Wkh doljqphqw ri oltxlg fu|vwdo +OF, prohfxohv rq uxeehg sro|phu vxuidfhv zdv

glvfryhuhg lq 4<44 ^9:`1 Lq uhfhqw |hduv/ wklv skhqrphqrq kdv ehhq vwxglhg h{whqvlyho|

qrw rqo| ehfdxvh ri wkh edvlf lqwhuhvw lq xqghuvwdqglqj wkh xqghuo|lqj phfkdqlvp exw dovr

ehfdxvh ri lwv uhohydqfh wr OF glvsod| whfkqrorj|1 Wrgd|/ uxeehg sro|phu �opv duh zlgho|

xvhg lq lqgxvwu| wr rewdlq krprjhqhrxv exon OF doljqphqw iru OF glvsod|v ^9;`1 Gl�huhqw

phfkdqlvpv kdyh ehhq sursrvhg iru OF doljqphqw rq uxeehg sro|phu vxuidfhv1 Rqh dvvxphv

wkdw uxeelqj fuhdwhv plfurjurryhv ru vfudwfkhv rq sro|phu vxuidfhv zklfk wkhq doljq wkh OF

dorqj wkh jurryhv wr plqlpl}h wkh hqhuj| ri hodvwlf glvwruwlrq ^9<`1 Dqrwkhu vxjjhvwv wkdw

uxeelqj doljqv vxuidfh sro|phu fkdlqv zklfk lq wxuq doljq wkh OF wkurxjk lqwhuprohfxodu

lqwhudfwlrq ^:3`1 Wkh odwwhu lv eholhyhg wr eh rshudwlyh zkhq OF prohfxohv dqfkru vwurqjo|

wr sro|phu vxuidfhv/ dv lv frpprqo| wkh fdvh lq wkh OF lqgxvwu|1

Wr vwxg| OF doljqphqw e| uxeehg sro|phu vxuidfhv/ d qxpehu ri h{shulphqwdo
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whfkqltxhv kdyh ehhq xvhg1 Rswlfdo vhfrqg0kduprqlf jhqhudwlrq +VKJ, vkrzhg wkdw d

uxeehg sro|phu vxuidfh fdq doljq dq dgvruehg OF prqrod|hu zklfk wkhq doljqv wkh OF

exon e| prohfxodu fruuhodwlrq ^:4/ :5/ :6/ :7`/ surylglqj frqylqflqj hylghqfh wkdw prohfxodu

lqwhudfwlrq ehwzhhq OF dqg sro|phu dw wkh vxuidfh lv uhvsrqvleoh iru wkh OF doljqphqw1

Dwwhpswv wr vwxg| wkh uxeehg sro|phu lwvhoi zlwk VKJ kdyh dovr ehhq pdgh/ exw wkh vwuxf0

wxudo lqirupdwlrq rewdlqhg vr idu iurp VKJ lv udwkhu olplwhg ^:8`1 Dwrplf irufh plfurvfrs|

+DIP, frxog surylgh lpdjhv ri uxeehg sro|phu vxuidfhv vkrzlqj dq ryhudoo dqlvrwurs| exw

zdv xqdeoh wr uhvroyh wkh vxuidfh sro|phu fkdlqv ^:9/ ::/ :;`1 Hoolsvrphwu| ^:<` dqg lqiuduhg

vshfwurvfrs| ^;3/ ;4/ ;5/ ;6` frxog phdvxuh uxeelqj0lqgxfhg dqlvrwurs| dqg rwkhu vwuxf0

wxudo fkdqjhv lq wkh sro|phu �op1 Krzhyhu/ ehfdxvh ri wkhlu odfn ri vxuidfh vshfl�flw|/ lw

lv xqfohdu zkhwkhu wkhvh uhvxowv lqghhg uhsuhvhqw wkh uhdo vxuidfh vwuxfwxuh ri wkh uxeehg

sro|phu1 Jud}lqj lqflghqfh [0ud| vfdwwhulqj +JL[V, frxog sureh d vxuidfh uhjlrq ri �8 qp

wklfn ^;7/ ;8`1 D kljkhu vxuidfh vhqvlwlylw| kdv ehhq dfklhyhg e| Qhdu0hgjh [0ud| devruswlrq

�qh vwuxfwxuh +QH[DIV, vshfwurvfrs|/ zklfk frxog sureh d vxuidfh od|hu ri �4 qp wklfn

^;9/ ;:/ ;;/ ;<`1

Lq wklv fkdswhu/ zh ghvfuleh wkh xvh ri vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs|

wr sureh wkh vwuxfwxuh ri d uxeehg sro|phu vxuidfh1 VIJ lv lghdoo| vxlwhg dv d sureh wr

vwxg| lqwhuidfldo vwuxfwxuh ehwzhhq wzr fhqwurv|pphwulf phgld1 Ehlqj d qrqolqhdu rswlfdo

surfhvv lqyroylqj wkuhh rswlfdo zdyhv/ lq sulqflsoh/ VIJ fdq |lhog pruh ghwdlohg vwuxfwxudo

lqirupdwlrq wkdq doo wkh olqhdu rswlfdo whfkqltxhv lqfoxglqj QH[DIV1 Zh kdyh dssolhg

VIJ yleudwlrqdo vshfwurvfrs| wr uxeehg sro|ylq|o dofrkro +SYD/ ^0FK20FKRK0`?, ^;/ <`

dqg uxeehg sro|lplgh ^<3`1 Lq wklv fkdswhu zh vkdoo frqfhqwudwh rq SYD rqo|1 Uxeehg
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Iljxuh 614= Prohfxodu vwuxfwxuh ri SYD dqg rulhqwdwlrqdo jhrphwu| ri d FK2 jurxs rq d

uxeehg SYD vxuidfh1 D{lv { lv dorqj wkh uxeelqj gluhfwlrq/ dqg } lv dorqj wkh vxuidfh

qrupdo ri wkh sro|phu �op1 D{lv � lv qrupdo wr wkh FK2 sodqh dqg dorqj wkh SYD fkdlq/

� dorqj wkh v|pphwu| d{lv ri FK2 dqg � ruwkrjrqdo wr � dqg �1

SYD lv nqrzq wr doljq OF prohfxohv lq d zd| vlplodu wr uxeehg sro|lplgh ^:5` exw kdv

d pxfk vlpsohu prqrphu xqlw1 Zh irfxvhg rq wkh vwuhwfk yleudwlrqdo prghv ri wkh FK2

jurxsv ri SYD dw wkh vxuidfh1 Wkh FK2 jurxsv gluhfwo| dvvrfldwhg zlwk wkh SYD edfnerqh

duh rulhqwhg shushqglfxoduo| wr wkh orfdo SYD fkdlqv/ dv vkrzq lq Ilj1 6141 Iurp wkh

phdvxuhg VIJ vshfwud/ zh fdq ghgxfh dq rulhqwdwlrqdo glvwulexwlrq iru wkh FK2 jurxsv dw

wkh vxuidfh1 Wklv wkhq |lhogv gluhfwo| dq rulhqwdwlrqdo glvwulexwlrq iru wkh SYD fkdlqv rq

wkh uxeehg vxuidfh1 Zh irxqg wkdw wkh SYD fkdlq rulhqwdwlrq lv lqghhg vwurqjo| d�hfwhg

e| uxeelqj1

Lq wkh iroorzlqj vhfwlrqv/ zh suhvhqw d ghwdlohg dqdo|vlv ri wkh VIJ uhvxowv wr0

jhwkhu zlwk wkh VKJ vwxg| ri dq ;FE +70q0rfw|o07*0f|dqrelskhq|o, OF prqrod|hu ghsrvlwhg

rq uxeehg SYD +Ilj1 615, vkrzlqj krz d uxeehg SYD vxuidfh doljqv wkh OF prqrod|hu1
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Iljxuh 615= Prohfxodu vwuxfwxuh dqg rulhqwdwlrqdo frruglqdwhv ri dq ;FE prohfxoh ghsrvlwhg

rq d uxeehg SYD vxuidfh1 � lv dorqj wkh orqj d{lv ri wkh f|dqrelskhq|o fruh ri wkh ;FE

prohfxoh1 �w� dqg !w� duh wkh srodu dqg d}lpxwkdo dqjohv ri �1 Wkh { d{lv vwdqgv iru wkh

uxeelqj gluhfwlrq1

Vhfwlrq 615 surylghv wkh wkhruhwlfdo edfnjurxqg iru wkh zrun dqg Vhf1 616 ghvfulehv wkh h{0

shulphqwdo duudqjhphqw1 H{shulphqwdo uhvxowv dqg gdwd dqdo|vlv duh suhvhqwhg lq Vhf1 617/

dqg glvfxvvlrqv ri wkh uhvxowv duh lq Vhf1 6181

��2 A�iLh)

��2�� 5�hu@Ui t�4�uhi^�i?U) @?_ tiUL?_��@h4L?�U }i?ih@|�L?

Dv vkrzq lq Fkds1 4/ vxuidfh VIJ uhvxowv iurp d vhfrqg0rughu qrqolqhdu srodul}d0

wlrq lqgxfhg dw dq lqwhuidfh e| wzr lqsxw �hogv H+$�, dqg H+$2, dw iuhtxhqflhv $� +ylvleoh,

dqg $2 +lqiuduhg,/ uhvshfwlyho|/

S
E2�+$r, @ �f�

E2� = H+$�,H+$2, > +614,



96

zkhuh �E2� ghqrwhv wkh vxuidfh qrqolqhdu vxvfhswlelolw| whqvru1 Lq PNV xqlwv wkh VIJ

rxwsxw lqwhqvlw| lq wkh uh�hfwhg gluhfwlrq lv jlyhq e|

L+$r, @
$2
r

;�ff� frv2 �r
m"

E2�
ig m2L+$�,L+$2, = +615,

Khuh/ �r lv wkh h{lw dqjoh ri wkh VI rxwsxw/ L+$�, lv wkh ehdp lqwhqvlw| dw $�/ dqg "
E2�
ig lv

wkh h�hfwlyh vxuidfh qrqolqhdu vxvfhswlelolw| gh�qhg dv

"
E2�
ig @ ^O+$r, � ahr` � �

E2� = ^O+$�, � ah�`^O+$2, � ah2` > +616,

zlwk ah� ehlqj wkh xqlw srodul}dwlrq yhfwru ri wkh rswlfdo �hog dw $� dqg O+$�, wkh whqvruldo

Iuhvqho idfwru +vhh Dsshqgl{ E iru ghwdlov,1

Htv1 +614,0+616, dovr dsso| wr vhfrqg0kduprqlf jhqhudwlrq +VKJ, zlwk $� @ $21

Lq VKJ/ riwhq rqo| rqh lqsxw odvhu ehdp dw iuhtxhqf| $ +xvxdoo| lq wkh ylvleoh, lv xvhg dqg

wkh VK vljqdo dw $r @ 5$ lv froohfwhg1

��2�2 56B ��Mh@|�L?@* tTiU|hLtULT) uLh t�hu@Ui 4L*iU�*@h }hL�Tt

Wkh vxuidfh qrqolqhdu vxvfhswlelolw| whqvru �E2�+$r @ $�.$2, iru VIJ lv h{shfwhg

wr eh uhvrqdqwo| hqkdqfhg zkhq $2 dssurdfkhv d vxuidfh yleudwlrqdo uhvrqdqfh1 Vfdqqlqj

ryhu vxfk uhvrqdqfhv |lhogv d vxuidfh VIJ yleudwlrqdo vshfwuxp1 Zh fdq h{suhvv �E2� lq

whupv ri wkh uhvrqdqw k|shusrodul}delolw| k
E2�
+ iru wkh vxuidfh prohfxodu jurxsv1

�
E2� @ �

E2�
�+ .Q5kk

E2�
+ ls

@ �
E2�
�+ .Q5

]
k
E2�
+ +,i+,g > +617,

zkhuh �
E2�
�+ ghvfulehv wkh qrquhvrqdqw frqwulexwlrq/ Q5 lv wkh vxuidfh ghqvlw| ri prohfxohv/

 ghqrwhv d vhw ri rulhqwdwlrqdo dqjohv +�> !> #, gh�qhg lq Ilj1 614 / dqg k ls uhsuhvhqwv dq
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rulhqwdwlrqdo dyhudjh ryhu wkh rulhqwdwlrqdo glvwulexwlrq ixqfwlrq i+,1

Zh dvvxph wkdw k
E2�
+ lv frpsrvhg ri Oruhqw}ldq uhvrqdqw whupv/

k
E2�
+ +$2, @

[

^

d^

$2 � $^ . l�^

> +618,

zkhuh d^/ $^ dqg �^ duh wkh dpsolwxgh/ uhvrqdqw iuhtxhqf| dqg gdpslqj frqvwdqw ri wkh

twk prohfxodu yleudwlrqdo prgh1 Lqvhuwlrq ri Ht1 +618, lqwr Ht1 +617, jlyhv

�
E2�+$2, @ �

E2�
�+ .
[

^

D^

$2 � $^ . l�^

> +619,

D^ @ Q5

]
d^+,i+,g = +61:,

Ehlqj d udqn06 whqvru/ �E2� kdv lq jhqhudo 5: hohphqwv1 Vxuidfh v|pphwu|/ krzhyhu/

fdq pdnh vrph hohphqwv ydqlvk dqg vrph ehfrph pxwxdoo| ghshqghqw1 Lq pdq| fdvhv/

zh fdq ghwhuplqh doo wkh lqghshqghqw qrqydqlvklqj �E2� hohphqwv e| phdvxulqj "
E2�
ig zlwk

ydulrxv ehdp jhrphwulhv dqg srodul}dwlrq frpelqdwlrqv1 Iurp wkh revhuyhg glvshuvlrq ri

�
E2� zh fdq ghgxfh D^ lq Ht1 +619,1 Zh fdq dovr rewdlq d^ lq Ht1 +618, iru wkh prohfxodu

qrqolqhdu srodul}delolw| k
E2�
+ iurp rwkhu phdvxuhphqwv ru wkhruhwlfdo fdofxodwlrqv1 Wkhq/

Ht1 +61:, zloo doorz xv wr rewdlq dq dssur{lpdwh rulhqwdwlrqdo glvwulexwlrq ixqfwlrq i+,1

Qrwh wkdw lq Htv1 +617, dqg +61:,/ wkh plfurvfrslf orfdo0�hog fruuhfwlrq lv qrw ixoo| lqfoxghg1

Krzhyhu/ wklv kdv qr h�hfw rq rxu ghgxfwlrq ri i+, +vhh Dsshqgl{ F iru ghwdlov,1

Vlqfh zh vkdoo eh lqwhuhvwhg lq wkh vwuhwfk yleudwlrqv ri wkh FK2 jurxsv ri SYD/ zh

suhvhqw khuh d vlpsoh wkhruhwlfdo prgho wr fdofxodwh wkh uhvrqdqw prgh dpsolwxgh d^ iru FK21

Wkhuh duh wzr vwuhwfk yleudwlrqdo prghv iru d FK2 jurxs/ qdpho|/ wkh v|pphwulf vwuhwfk +v,

dqg wkh dqwlv|pphwulf vwuhwfk +d,1 Wkh wkhru| ri vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs|

vkrzv wkdw d^ lv uhodwhg wr wkh lqiuduhg dqg Udpdq fkdudfwhulvwlfv ri d yleudwlrqdo prgh
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wkurxjk wkh htxdwlrq ^78`

+d^,,6? @ �
4

5�f$^

C�?

CT^

C�
E��
,6

CT^
> +61;,

zkhuh
Y>?
Y'^

dqg
Yk

E��
,6

Y'^

duh wkh lqiuduhg glsroh ghulydwlyh dqg wkh Udpdq srodul}delolw| whqvru

ri wkh twk yleudwlrqdo prgh/ dqg T^ lv wkh fodvvlfdo qrupdo frruglqdwh1 Iurp Ht1 +61;,

zh fdq vhh vrph lpsruwdqw surshuwlhv ri wkh whqvru d^1 Iluvw/ wkh Udpdq srodul}delolw|

whqvru lv v|pphwulf iru FK2/ dqg wkhuhiruh/ +d^,,6? lv dovr v|pphwulf lq o dqg p/ l1h1/

+d^,,6? @ +d^,6,?1 Vhfrqg/ vlqfh doo wkh
Y>?
Y'^

dqg
Yk

E��
,6

Y'^

hohphqwv duh uhdo/ +d^,,6? pxvw dovr

eh uhdo/ dowkrxjk �E2� fdq eh frpsoh{ gxh wr wkh gdpslqj frqvwdqw �^ lq Ht1 +619,1

Zh fdq xvh Ht1 +61;, wr fdofxodwh +d^,,6? iru wkh wzr vwuhwfk prghv ri FK21 Li

zh dvvxph wkdw wkh fduerq dwrp lv �{hg lq srvlwlrq/ wkh qrupdo frruglqdwhv ri wkh v0 dqg

d0vwuhwfk prghv duh=

Tt @

u
pO

5
+�u� .�u2, >

T@ @

u
pO

5
+�u� ��u2, > +61<,

zkhuh �u� dqg �u2 duh wkh vwuhwfk glvwdqfhv ri wkh wzr F0K erqgv +Ilj1 614,/ dqg pO

lv wkh pdvv ri d k|gurjhq dwrp1 Wkh glsroh ghulydwlyh
Y>?
Y'^

dqg wkh Udpdq srodul}delolw|

Yk
E��
,6

Y'^

ri wkhvh wzr prghv fdq eh fdofxodwhg e| dvvxplqj wkdw wkh wrwdo glsroh prphqw +ru

srodul}delolw|, lv wkh vxp ri wkh glsroh prphqwv +ru srodul}delolwlhv, ri wkh wzr lqglylgxdo

F0K erqgv dqg wkdw wkh glsroh prphqw +ru srodul}delolw|, ri hdfk lqglylgxdo F0K erqg

ghshqgv rqo| rq lwv rzq frruglqdwh1 Wklv erqg dgglwlylw| prgho kdv ehhq xvhg e| rwkhu

dxwkruv lq vlplodu fdofxodwlrqv ^<4`1 Xvlqj wklv prgho/ zh �qg

C>

CTt
@

4
s
5pO

�
C>�

C�u�
.

C>2

C�u2

�
>
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C>

CT@
@

4s
5pO

�
C>�

C�u�
� C>2

C�u2

�
>

CkE��

CTt
@

4s
5pO

#
Ck

E��
�

C�u�
.

Ck
E��
2

C�u2

$
>

CkE��

CT@
@

4s
5pO

#
Ck

E��
�

C�u�
� Ck

E��
2

C�u2

$
= +6143,

E| v|pphwu|/ iru wkh v0vwuhwfk wkhuh duh wkuhh lqghshqghqw qrqydqlvklqj +dt,,6?

hohphqwv +dt,11l / +dt,##l / +dt,lll / dqg iru wkh d0vwuhwfk wkhuh lv rqo| rqh +d@,#l# @ +d@,l##1

Khuh +�> �> �, duh wkh prohfxodu frruglqdwhv gh�qhg lq Ilj1 6141 Wr fduu| rxw qxphulfdo

fdofxodwlrqv/ zh qhhg wkh ydoxhv ri wkh glsroh dqg srodul}delolw| ghulydwlyhv ri d vlqjoh F0K

erqg1 Khuh zh xvh wkh vlqjoh erqg glsroh ghulydwlyh ghgxfhg iurp Uhi1 ^<5` +wkh qhjdwlyh

vljq lv edvhg rq wkh dujxphqw lq Uhi1 ^<6`,

C�

C�u
� �3=;9 Ghe|h@�D � �5=<� 4332fF > +6144,

dqg wkh vlqjoh erqg srodul}delolw| ghulydwlyh iurp Uhi1 ^<7`/

C�
E��

8

C�u
� 6=3� 433�f

pF

Y
> +6145,

C�
E��
z

C�u
� 3=47�

C�
E��

8

C�u
� 3=7� 433�f

pF

Y
= +6146,

Diwhu lqvhuwlqj wkhvh qxpehuv lqwr Ht1 +61;,/ zh rewdlq doo wkh qrqydqlvklqj d^

hohphqwv iru wkh FK2 vwuhwfk prghv=

+dt,11l � 3=49 df >

+dt,##l � 3=;5 df >

+dt,lll � 3=7< df >

+d@,#l# @ +d@,l## � 3=99 df > +6147,
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zkhuh df lv d frqvwdqw gh�qhg iru d vlqjoh F0K erqg

df @ �

4

5�f$^pO

C�

C�u

C�
E��

8

C�u
� 8=6� 4332. peY3�vhf3� = +6148,

��2�� 5OB uhL4 @ *�^��_ Uh)t|@* 4L?L*@)ih

VKJ kdv ehhq xvhg vxffhvvixoo| wr phdvxuh wkh prohfxodu rulhqwdwlrqdo glvwulex0

wlrqv ri oltxlg fu|vwdo prqrod|huv1 D ghwdlohg ghvfulswlrq ri wkh wkhru| dqg whfkqltxh fdq

eh irxqg lq Uhi1 ^:5`1 Vlplodu wr VIJ/ wkh vxuidfh VKJ qrqolqhdu vxvfhswlelolw| lv dovr dq

rulhqwdwlrqdo dyhudjh ri wkh qrqolqhdu srodul}delolw| ri vxuidfh prohfxodu jurxsv1

Iru ;FE/ wkh VKJ qrqolqhdu srodul}delolw| pdlqo| ruljlqdwhv iurp wkh kljko| gh0

orfdol}hg hohfwurqv lq wkh f|dqrelskhq|o jurxs dqg kdv rqh grplqdqw whqvru hohphqw �
E2�
lll

dorqj wkh orqj prohfxodu d{lv � +Ilj1 615,1 Dv d jrrg dssur{lpdwlrq^:5`/ zh fdq qhjohfw

rwkhu whqvru hohphqwv ri kE2� dqg h{suhvv "
E2�
��& dv

"
E2�
��& @ Q5 k+al � a�,+am � a�,+an � a�,l}�

E2�
lll

@ Q5

]
+al � a�,+am � a�,+an � a�,�

E2�
lllj+,g > +6149,

zkhuh Q5 lv wkh vxuidfh qxpehu ghqvlw| ri ;FE prohfxohv> al/ am/ dqg an duh wkh ode frruglqdwhv

gh�qhg rq wkh vxevwudwh> dqg k l} ghqrwhv dq dyhudjh ryhu wkh rulhqwdwlrqdo glvwulexwlrq

ixqfwlrq j+,1 E| phdvxulqj doo wkh qrqydqlvklqj lqghshqghqw "
E2�
��& hohphqwv zh fdq ghgxfh

dq dssur{lpdwh j+,1

��� , Tih�4i?|

Sro|ylq|o dofrkro +Vflhqwl�f Sro|phu Surgxfwv/ Lqf1/ P1Z1@47/333/ 433( k|0

guro|}hg, zdv glvvroyhg lq zdwhu +418( zhljkw, dqg vslq frdwhg rq ixvhg vlolfd sodwhv +k|0
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gursklolf,/ iroorzhg e| ednlqj dqg uxeelqj zlwk yhoyhw forwk1 Wkh �op wklfnqhvv zdv derxw

63 qp/ dqg wkh uxeelqj vwuhqjwk xvhg zdv dw d vdwxudwlrq ohyho/ l1h1/ vwurqjhu uxeelqj

zrxog qrw lpsuryh wkh fkdlq doljqphqw ixuwkhu ^:5`1 Iru wkh phdvxuhphqw/ wkh vdpsoh

zdv prxqwhg rq d 693� urwdwlrqdo vwdjh/ dqg wkh VIJ vshfwud zhuh wdnhq zlwk ydulrxv

lqsxw2rxwsxw srodul}dwlrq frpelqdwlrqv dqg gl�huhqw vdpsoh rulhqwdwlrqv vshfl�hg e| wkh

d}lpxwkdo dqjoh � ehwzhhq wkh lqflghqfh sodqh dqg wkh uxeelqj gluhfwlrq +Ilj1 416,1

Lq wkh VKJ vwxg| ri OF doljqphqw rq SYD/ ;FE zdv ghsrvlwhg rq d uxeehg SYD

vxuidfh e| hydsrudwlrq/ dqg d ylvleoh odvhu ehdp dw 865 qp zdv gluhfwhg rqwr wkh vdpsoh

zlwk dq lqflghqfh dqjoh ri 9:� +vhh Uhi1 ^:5` iru ghwdlov,1 Wkh VKJ rxwsxw zdv ghwhfwhg lq

wkh uh�hfwhg gluhfwlrq1 Irxu gl�huhqw lqsxw2rxwsxw srodul}dwlrq frpelqdwlrqv +v�?0vL�|/ v�?0

sL�|/ s�?0vL�|/ dqg s�?0sL�|, zhuh xvhg1 Wkh d}lpxwkdo yduldwlrq ri VKJ zdv dovr phdvxuhg1

��e +it�*|t @?_ @?@*)t�t

��e�� 56B tTiU|h@ @?_ 4L_i @4T*�|�_it

Vxuidfh VIJ vshfwud lq wkh FK vwuhwfk uhjlrq ri d uxeehg SYD vdpsoh zhuh

wdnhq zlwk 9 gl�huhqw srodul}dwlrq frpelqdwlrqv/ hdfk zlwk gl�huhqw d}lpxwkdo rulhqwdwlrqv

+w|slfdoo| hyhu| 78�,1 Wkh vshfwud zhuh irxqg wr eh uhsurgxfleoh iru gl�huhqw SYD vdpsohv

suhsduhg xqghu wkh vdph frqglwlrqv1 Vkrzq lq Ilj1 616 duh wkh VIJ vshfwud zlwk wkh

d}lpxwkdo dqjoh � @ 3� +sdudooho wr uxeelqj, dqg � @ <3� +shushqglfxodu wr uxeelqj, iru

wkh vvs +v0/ v0 dqg s0srodul}hg VI rxwsxw/ ylvleoh lqsxw dqg lqiuduhg lqsxw/ uhvshfwlyho|,/ vsv

dqg sss srodul}dwlrq frpelqdwlrqv/ dqg � @ <3� iru vvv/ vss dqg ssv1 Iru frpsdulvrq/ wkh

vshfwud ri vvs dqg vsv iurp dq xquxeehg SYD vxuidfh duh vkrzq lq Ilj1 6171
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Iljxuh 616= VIJ vshfwud ri d uxeehg SYD vxuidfh lq wkh FK vwuhwfk udqjh iru gl�huhqw

srodul}dwlrq frpelqdwlrqv1 Rqo| vshfwud dw � @ 3� dqg <3� duh vkrzq iru vvs/ vsv dqg sss1

Wkh vshfwud dw � @ <3� iru vvv/ vss dqg ssv duh grplqdwhg e| qrlvh1 Vrolg fxuyhv duh �wv

iurp Ht1 +619,1
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Iljxuh 617= VIJ vshfwud ri xquxeehg SYD iru gl�huhqw srodul}dwlrq frpelqdwlrqv +d,vvs/

+e,vsv1 Wkh vrolg dqg gdvkhg olqhv duh wkhruhwlfdo suhglfwlrqv dvvxplqj gl�huhqw rulhqwd0

wlrqdo glvwulexwlrqv +vhh Vhf1 61815,1
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Doo wkh phdvxuhg VIJ lqwhqvlwlhv kdyh ehhq fdoleudwhg zlwk d uhihuhqfh }0fxw txduw}

fu|vwdo/ |lhoglqj iru hdfk srodul}dwlrq frpelqdwlrq dqg vdpsoh rulhqwdwlrq d vshfwuxp ri

m"
E2�
ig m

2 lq PNV xqlwv +vhh Vhf1 416 iru ghwdlov,1 Doo wkh m"
E2�
ig +$2,m

2 vshfwud fdq wkhq eh �w e|

"
E2�
ig +$2, @ "

E2�
�+cig .

[

^

D^cig

$2 � $^ . l�^

> +614:,

dvvxplqj wkh suhvhqfh ri wkuhh uhvrqdqw prghv dw $^2+5�f,@ 5;;5/ 5<3: dqg 5<73 fp3�/

hdfk zlwk d gdpslqj frqvwdqw �2+5�f,@49 fp3�1 Wkh �uvw rqh/ zklfk lv udwkhu zhdn/

suredeo| frphv iurp wkh vwuhwfk prgh ri wkh FK jurxs rq wkh SYD fkdlq> wkh odvw wzr/

kljko| surplqhqw h{fhsw iru vrph srodul}dwlrq frpelqdwlrqv dqg vdpsoh rulhqwdwlrqv/ fdq

eh lghqwl�hg zlwk wkh v|pphwulf +v, dqg dqwlv|pphwulf +d, vwuhwfk prghv ri FK2 ^<8`1 Wkh

d}lpxwkdo srodu sorwv ri wkh prgh dpsolwxghv Dtcig dqg D@cig ghgxfhg e| �wwlqj ri wkh

vshfwud duh suhvhqwhg lq Ilj1 6181 Vrph dgglwlrqdo gdwd srlqwv ri Dtcig+vvs, dqg D@cig+vsv,

lq Ilj1 618 zhuh ghgxfhg iurp wkh phdvxuhg VIJ shdn lqwhqvlw| iru hyhu| 8� zlwk wkh

lqiuduhg lqsxw iuhtxhqf| �{hg rq wkh uhvrqdqw shdn1 Dtcig+vsv, lv ehorz wkh qrlvh ohyho dqg

qrw vkrzq1

Qrwh wkdw wkh phdvxuhphqwv ghvfulehg deryh frxog qrw ghwhuplqh wkh uhodwlyh

vljqv ri D^cig iru gl�huhqw srodul}dwlrq frpelqdwlrqv1 Wkhvh uhodwlyh vljqv/ krzhyhu/ fdq eh

ghwhuplqhg e| phdvxulqj lqwhuihuhqfh ehwzhhq gl�huhqw D^cig frpsrqhqwv1 Iru h{dpsoh/

wkh VIJ lqwhqvlw| zlwk s0srodul}hg lqiuduhg lqsxw/ pl{hg +p0/ sduwldoo| v dqg sduwldoo| s,

srodul}hg ylvleoh lqsxw dqg p0srodul}hg VIJ rxwsxw lv sursruwlrqdo wr wkh devroxwh vtxduh

ri wkh olqhdu frpelqdwlrq ri D^cig+vvs, dqg D^cig+sss,/ zklfk fdq lqwhuihuh frqvwuxfwlyho| ru

ghvwuxfwlyho| ghshqglqj rq wkhlu uhodwlyh vljq +Ilj1 619,1 Iurp vxfk lqwhuihuhqfhv/ zh zhuh

deoh wr ghwhuplqh wkh uhodwlyh vljqv ri doo D^cig 1 Dv vkrzq lq Ilj1 618/ li zh fkrrvh wkh vljq
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Iljxuh 618= H�hfwlyh prgh dpsolwxghv mD^cig m ri wkh FK2 v|pphwulf +flufohv, dqg dqwlv|p0

phwulf +vtxduhv, vwuhwfk prghv iru uxeehg SYD dv ixqfwlrqv ri � iru gl�huhqw srodul}dwlrq

frpelqdwlrqv +d,vvs/ +e,vsv dqg +f,sss1 Wkh uhodwlyh vljqv ri D^cig duh dovr vkrzq lq wkh

�jxuh1 V|perov duh ydoxhv ghgxfhg iurp wkh phdvxuhg VIJ vshfwud1 Olqhv duh rewdlqhg

iurp �wv +vhh Vhf1 61717,1
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Iljxuh 619= Uhodwlyh skdvh phdvxuhphqw xvlqj wkh lqwhuihuhqfh ehwzhhq D^cig+vvs, dqg

D^cig+sss,1 Wkh lqiuduhg lqsxw zdv s srodul}hg1 Wkh srodul}dwlrq ri wkh 865 qp ylvleoh

lqsxw zdv urwdwhg forfnzlvh +orrnlqj lq wkh oljkw sursdjdwlrq gluhfwlrq, iurp s e| 73�1 Wkh

srodul}dwlrq ri wkh dqdo|}hu zdv urwdwhg forfnzlvh iurp s e| dq dqjoh lqglfdwhg rq hdfk

vshfwuxp1
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ri Dtcig+vvs, wr eh srvlwlyh/ zh �qg D@cig+vsv, dqg D@cig+sss, srvlwlyh/ dqg D@cig+vvs, dqg

Dtcig+sss, qhjdwlyh1

Odwhu/ zh zloo xvh wkhvh phdvxuhg D^cig lqfoxglqj wkhlu vljqv wr ghgxfh wkh whqvru

D^ wkurxjk Ht1 +616,1

��e�2 5�hu@Ui tTiU��U�|)

Lq vxuidfh vxp0iuhtxhqf| vshfwurvfrs|/ wkhuh lv dozd|v wkh txhvwlrq zkhwkhu wkh

VIJ vljqdo lqghhg frphv iurp wkh vxuidfh xqghu lqyhvwljdwlrq1 Lq rughu wr ghgxfh vxuidfh

vwuxfwxuh iurp VIJ vshfwud/ rqh kdv wr pdnh vxuh wkdw wkh VIJ vljqdo lv grplqdwhg e| wkh

vxuidfh frqwulexwlrq1 Lq Fkds1 7/ zh vkdoo lqyhvwljdwh wkh exon frqwulexwlrq pruh jhqhudoo|1

Khuh zh suhvhqw h{wud h{shulphqwdo vwxglhv vshfldoo| iru SYD1

Iru wkh uxeehg SYD vdpsoh/ wkh VIJ vljqdo pljkw frph iurp wkh exon wkurxjk

hohfwulf0txdguxsroh dqg pdjqhwlf0glsroh frqwulexwlrqv ru iurp wkh lqwhuidfh ehwzhhq SYD

dqg wkh ixvhg vlolfd vxevwudwh1 Krzhyhu/ wkh idfw wkdw wkh VIJ vshfwud ri SYD duh frp0

sdudeoh lq lqwhqvlw| wr wkrvh revhuyhg iurp d forvho| sdfnhg prqrod|hu ri don|o fkdlqv ^<9`

lqglfdwhv wkdw wkh VIJ vljqdo ri SYD ruljlqdwhv iurp d prqrod|hu ri FK2 srlqwlqj rxw

ri wkh sro|phu1 Wkh hohfwulf0txdguxsroh dqg pdjqhwlf0glsroh frqwulexwlrqv iurp FK2 lq

wkh exon duh pxfk zhdnhu +Fkds1 7,/ dqg vljql�fdqw frqwulexwlrq iurp wkh sro|phu2vlolfd

lqwhuidfh zlwk FK2 srlqwlqj wrzdugv wkh vlolfd vlgh lv xqolnho| ehfdxvh wkh vlolfd vxuidfh lv

k|gursklolf ^8:`1 Fkhplfdo vwxglhv lqglfdwh ^<:` wkdw wkh prqrphu xqlwv lq SYD suhihu d

khdg0wr0wdlo duudqjhphqw/ l1h1/ wkh RK jurxsv duh rq dowhuqdwh fduerq dwrpv/ dqg wkhuhiruh

doo wkh FK2 jurxsv rq d vwudljkw SYD fkdlq vkrxog eh rq wkh vdph vlgh ri wkh fkdlq dv

looxvwudwhg lq Ilj1 6141 Ehlqj k|gurskrelf/ wkh FK2 jurxsv olnh wr srlqw rxw ri wkh sro|phu
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vxuidfh1 Lw lv dovr nqrzq iurp lqiuduhg devruswlrq vwxglhv ^<8` wkdw vwurqj k|gurjhq erqglqj

h{lvwv ehwzhhq dgmdfhqw SYD fkdlqv1 Lq rughu wr pd{lpl}h wkh qxpehu ri k|gurjhq erqgv

wr orzhu wkh vxuidfh iuhh hqhuj|/ wkh wrs od|hu ri SYD fkdlqv zrxog rulhqw wkhlu RK erqgv

lqwr wkh exon dqg ohdyh wkh FK2 jurxsv pruh ru ohvv srodu rughuhg dqg srlqwlqj lqwr dlu1

Wr fkhfn zkhwkhu VIJ iurp wkh SYD2dlu lqwhuidfh lqghhg grplqdwhg/ zh suhsduhg

d wklfn SYD vdpsoh +� 833 �p, rq d ixvhg vlolfd vxevwudwh dqg phdvxuhg wkh uh�hfwhg VIJ

vshfwuxp wkurxjk wkh ixvhg txduw} vxevwudwh zlwk wkh SYD od|hu idflqj grzq1 Iurp wklv

jhrphwu|/ wkh VIJ vljqdo iurp wkh SYD2dlu lqwhuidfh lv qhjoljleoh ehfdxvh +4, wkh SYD

vxuidfh rq wkh dlu vlgh lv urxjk/ dqg +5, wkh lqiuduhg lqsxw lv frpsohwho| dwwhqxdwhg e| wkh

wklfn SYD od|hu1 Wkh uhvxow lv vkrzq lq Ilj1 61:/ lq frpsdulvrq zlwk wkh VIJ vshfwuxp

iurp d wklq +� 63 qp, vslq0frdwhg SYD �op +xquxeehg, zklfk zdv dovr phdvxuhg wkurxjk

wkh ixvhg vlolfd vxevwudwh1 Lw fohduo| vkrzv wkdw wkh VIJ frqwulexwlrq iurp wkh SYD2ixvhg

vlolfd lqwhuidfh lv pxfk zhdnhu wkdq wkdw iurp wkh SYD2dlu lqwhuidfh1

Zh dovr phdvxuhg wkh VIJ vshfwuxp ri wkh wklq SYD �op wkurxjk wkh ixvhg vlolfd

vxevwudwh dv zh sxw wkh vdpsoh lq frqwdfw zlwk zdwhu dqg irxqg wkdw wkh vwurqj VIJ vljqdo

glvvdsshduhg1 Diwhu gu|lqj wkh �op/ wkh vshfwuxp uhdsshduhg/ lqglfdwlqj wkdw wkh SYD

�op kdg qrw ehhq glvvroyhg lq zdwhu1 Wklv lv lq djuhhphqw zlwk rxu xqghuvwdqglqj ri wkh

vwurqj VIJ vljqdo iurp wkh SYD2dlu lqwhuidfh1 Zlwk wkh vdpsoh lq frqwdfw zlwk zdwhu/

vwurqj k|gurjhq erqglqj ehwzhhq zdwhu dqg SYD zrxog udqgrpl}h wkh rulhqwdwlrq ri wkh

vxuidfh FK2 jurxsv/ fdxvlqj d gudvwlf ghfuhdvh ri wkh VIJ lqwhqvlw|1 Lqwhuhvwlqjo|/ wklv whvw

h{shulphqw pd| dovr surylgh dq h{dpsoh ri hqylurqphqw0lqgxfhg vxuidfh vwuxfwxudo fkdqjh

ri sro|phuv/ dqrwkhu lpsruwdqw wrslf lq sro|phu vflhqfh dqg whfkqrorj| ^<;`1
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Iljxuh 61:= Wkh VIJ vshfwud ri wzr SYD vdpsohv phdvxuhg wkurxjk wkh ixvhg txduw}

vxevwudwhv1 Wkh VIJ vljqdo iurp +d, wkh wklfn SYD vdpsoh rq ixvhg txduw} lv grplqdwhg

e| wkh SYD2ixvhg vlolfd lqwhuidfh/ zkloh wkh vljqdo iurp +e, wkh wklq vslq0frdwhg SYD �op

rq ixvhg vlolfd lv grplqdwhg e| wkh SYD2dlu lqwhuidfh1 Wkh srodul}dwlrq frpelqdwlrq xvhg lv

vvs1 Qrwh wkdw wkh lqwhqvlw| ri wkh vshfwuxp iurp SYD2dlu lv kljkhu wkdq wkdw lq Ilj1 617d

ehfdxvh wkh Iuhvqho idfwruv duh gl�huhqw iru wkh idflqj0grzq jhrphwu|1



::

��e�� "�@*�|@|��i @?@*)t�t Lu |�i 56B tTiU|h@

Zlwkrxw dq| fdofxodwlrq/ zh fdq douhdg| rewdlq vrph txdolwdwlyh lqirupdwlrq derxw

wkh FK2 rulhqwdwlrq rq wkh uxeehg SYD vxuidfh1 Wklv lv looxvwudwhg lq Ilj1 61;1

Iluvw/ wkh h{flwdwlrq ri wkh FK2 v|pphwulf vwuhwfk uhtxluhv dq LU srodul}dwlrq

frpsrqhqw dorqj wkh FK2 v|pphwu| d{lv � gh�qhg lq Ilj1 6141 Wkh idfw wkdw wkh prgh lv

yhu| vwurqj iru wkh vvs srodul}dwlrq frpelqdwlrq +zlwk wkh odvw lqgh{ s ehlqj wkh lqiuduhg

srodul}dwlrq, exw yhu| zhdn iru vsv iru doo � lqglfdwhv wkdw wkh FK2 d{lv � pxvw eh qhduo|

dorqj wkh } d{lv1 Vhfrqg/ wkh h{flwdwlrq ri wkh FK2 dqwlv|pphwulf vwuhwfk uhtxluhv dq LU

frpsrqhqw dorqj wkh d{lv � lq wkh FK2 sodqh1 Vlqfh wklv prgh lv yhu| vwurqj iru vsv dw

� @ 3� +Ilj1 61;d, exw yhu| zhdn dw � @ <3� +Ilj1 61;e,/ wkh FK2 sodqh pxvw eh qhduo|

wkh |0} sodqh1 Fruuhvsrqglqjo|/ wkh SYD fkdlqv pxvw eh rulhqwhg qhduo| sdudooho wr wkh

vxuidfh dorqj wkh { d{lv/ wkh uxeelqj gluhfwlrq1 Ilqdoo|/ dv vhhq iurp wkh sorw ri Drcig+vvs,

lq Ilj1 618/ wkhuh lv d vpdoo iruzdug2edfnzdug dv|pphwu| iru � @ 3� dqg � @ 4;3�1 Dv zloo

eh vkrzq odwhu/ wklv lqglfdwhv wkdw wkh dyhudjh fkdlq rulhqwdwlrq kdv d voljkw xszdug wlow

dorqj wkh uxeelqj gluhfwlrq1

��e�e "�@?|�|@|��i @?@*)t�t Lu |�i 56B _@|@

Dv phqwlrqhg hduolhu/ wkh vxuidfh qrqolqhdu vxvfhswlelolw| "
E2�
��& +fruuhvsrqglqjo|/

+D^,��& iru hdfk yleudwlrqdo prgh, kdv 5: pdwul{ hohphqwv/ exw v|pphwu| pd| juhdwo|

uhgxfh wkh qxpehu ri lqghshqghqw qrqydqlvklqj hohphqwv1

Iluvw/ ehfdxvh wkh uxeehg SYD vxuidfh kdv F�� v|pphwu| zlwk wkh {0} sodqh ehlqj

d pluuru sodqh/ doo wkh "
E2�
��& hohphqwv zlwk lqglfhv lmn frqwdlqlqj dq rgg qxpehu ri | vkrxog



:;

ω
1

ω
2

ω
S

γ = 0oRubbing

(a)

x

y
z

ω 1

ω 2

ωSγ = 90
o

Rubbing

(b)

x

y

z

Iljxuh 61;= Vnhwfkhv vkrzlqj wkdw zlwk wkh jlyhq FK2 rulhqwdwlrq/ wkh ehdp jhrphwu| � @

3� lq +d, doorzv revhuydwlrq ri wkh FK2 v0vwuhwfk prgh e| wkh vvs srodul}dwlrq frpelqdwlrq/

dqg wkh FK2 d0vwuhwfk prgh e| vsv/ lq wkh VIJ vshfwud/ dqg wkh ehdp jhrphwu| � @ <3� lq

+e, doorzv revhuydwlrq ri rqo| wkh FK2 v0vwuhwfk prgh e| wkh vvs srodul}dwlrq frpelqdwlrq1
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ydqlvk1 Vhfrqg/ dv glvfxvvhg lq Vhf1 61515/ zh kdyh wkh v|pphwu| "
E2�
��& @ "

E2�
��&1 Frpelqlqj

wkhvh wzr/ zh �qg wkdw +D^,��& iru hdfk FK2 prgh kdv rqo| 43 lqghshqghqw qrqydqlvklqj

hohphqwv zlwk wkh iroorzlqj lqglfhv

{{} > ||} > }}} > {}{ @ }{{ > |}| @ }|| >

{{{ > ||{ > }}{ > {|| @ |{| > {}} @ }{} =

Ixuwkhupruh/ zh qrwlfh wkdw wkh iruzdug2edfnzdug dv|pphwu| vkrzq lq Ilj1 618

lv yhu| vpdoo dqg wkdw wkh VIJ vshfwud iru wkh vvv/ vss dqg ssv srodul}dwlrq frpelqdwlrqv

duh wrr zhdn wr glvwlqjxlvk iurp qrlvh +Ilj1 616,1 Wkhvh vxjjhvw wkdw zh pd| �uvw xvh F2�

dv dq dssur{lpdwlrq iru wkh v|pphwu| ri wkh uxeehg SYD vxuidfh dqg qhjohfw wkh odvw �yh

pdwul{ hohphqwv olvwhg deryh zklfk frqwdlq dq rgg qxpehu ri {1 Zlwk wklv dssur{lpdwlrq/

zh fdq ghgxfh wkh �yh pdmru +F2�0doorzhg, +D^,��& hohphqwv iru erwk v0 dqg d0vwuhwfkhv ri

FK21 Odwhu/ wkh revhuyhg iruzdug2edfnzdug dv|pphwu| zloo eh xvhg wr ghgxfh vrph ri wkh

uhpdlqlqj +F2�0iruelgghq, hohphqwv li srvvleoh1

Iurp wkh wkhru| ghvfulehg lq Vhf1 615 zh �qg wkdw D^cig lq Ht1 +614:, lv uhodwhg wr

+D^,��& wkurxjk

D^cig @ ^O+$r, � ahr` �D^ = ^O+$�, � ah�`^O+$2, � ah2` = +614;,

Qhjohfwlqj wkh iruzdug2edfnzdug dv|pphwu|/ zh fdq zulwh D^cig iru wkh wkuhh srodul}dwlrq

frpelqdwlrqv lq whupv ri wkh �yh pdmru +D^,��& hohphqwv/

D^cig+�> vvs, @ vlq�2Ot t +$r,Ot t +$�,O~~+$2,

�^+D^,++5 frv
2 � . +D^,%%5 vlq

2 �` > +614<,

D^cig+�> vsv, @ vlq��Ot t +$r,O~~+$�,Ot t +$2,
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Wdeoh 614= Vrph sdudphwhuv ri wkh wkuhh ehdpv dqg wkh fdofxodwhg Iuhvqho idfwruv iru wkh

dlu2ixvhg txduw} lqwhuidfh +dssolfdeoh wr wkh wrs vxuidfh rqo|,1

$r $� $2
� 793 qp 865 qp 617 �p

q 41798 41794 41743

� 7918� 78� 8:�

Off 1<6 1<5 4135

Ot t 1:3 1:4 198

O~~ 413:2��r 413;2��
�

1<;2��
2

hfOff +s, 0197 198 189

ht Ot t +v, 1:3 1:4 198

h~O~~ +s, 1:;2��r 1::2��
�

1;52��
2

�^+D^,+5+ frv
2 � . +D^,%5% vlq

2 �` > +6153,

D^cig+�> sss, @ � frv�r frv�� vlq�2Off+$r,Off+$�,O~~+$2,

�^+D^,%%5 frv
2 � . +D^,++5 vlq

2 �`

. vlq�r vlq�� vlq�2O~~+$r,O~~+$�,O~~+$2,+D^,555 = +6154,

Khuh/ iru D^cig+�> sss, zh kdyh qhjohfwhg wkh frqwulexwlrqv iurp +D^,%5%/ +D^,5%%/ +D^,+5+

dqg +D^,5++/ zklfk qhduo| fdqfho rxw wkhpvhoyhv vlpso| ehfdxvh �r � ��1 Wkh Iuhvqho

idfwruv O�� lq Htv1 +614<,0+6154, zhuh fdofxodwhg +Dsshqgl{ E, dqg olvwhg lq Wdeoh 6141 Qrwh

wkdw wkh vxuidfh glhohfwulf frqvwdqw �� lq O~~ lv xqnqrzq +Dsshqgl{ F,> wkhuhiruh/ zlwk

Htv1 +614<,0+6154,/ zh fdq rqo| ghwhuplqh wkh iroorzlqj txdqwlwlhv

+D^,%%5
��+$2,

>
+D^,++5
��+$2,

>
+D^,555

��+$�,2��+$2,
>

+D^,%5%
��+$�,

@
+D^,5%%
��+$�,

>
+D^,+5+
��+$�,

@
+D^,5++
��+$�,

>

lqvwhdg ri +D^,��&1 Khuh/ zh kdyh qhjohfwhg wkh glvshuvlrq ri �� lq wkh ylvleoh vr wkdw ��+$r, @

��+$�,1 Xvlqj wkhvh �yh _uhgxfhg% +D^,��& hohphqwv dv lqghshqghqw �wwlqj sdudphwhuv zh

fdq �w wkh h{shulphqw gdwd zhoo/ dv vkrzq e| wkh vrolg olqhv lq Ilj1 618/ h{fhsw iru wkh
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iruzdug2edfnzdug dv|pphwu| ri Drcig+vvs,/ zklfk kdv ehhq qhjohfwhg vr idu1

Lq jhqhudo zh fdqqrw vhsdudwh ��+$�, iurp +D^,��& sxuho| e| VIJ phdvxuhphqw1

Krzhyhu/ wkhuh h{lvw wkh iroorzlqj htxdwlrqv wkdw uhodwh vrph ri wkh +D^,��& hohphqwv vshfli0

lfdoo| wr wkh FK2 vwuhwfk yleudwlrqv

+Dt,%%5 . +Dt,++5 . +Dt,555 @ Q5 ka� � a}ls ^+dt,11l . +dt,##l . +dt,lll ` >

+Dt,%5% . +Dt,+5+ . +Dt,555 @ Q5 ka� � a}ls +dt,lll >

+D@,%%5 . +D@,++5 . +D@,555 @ 3 >

+D@,%5% . +D@,+5+ . +D@,555 @ Q5 ka� � a}ls +d@,#l# = +6155,

Wkh surri ri wkh deryh htxdwlrqv lv txlwh vwudljkwiruzdug1 Lq wkh iroorzlqj zh

frqvlghu wkh �uvw htxdwlrq dv dq h{dpsoh1 Zh fdq h{suhvv Ht1 +61:, lq wkh irup

+Dt,��& @ Q5

] [
b>D

+dt,b>D+a� �al,+a� � am,+a� � an,i+,g = +6156,

Nqrzlqj wkdw

[
��

���+a� � al,+a� � am, @ �b> > +6157,

zh �qg

[
��

���+Dt,��& @ Q5

[
b>D

�b>+dt,b>D

]
+a� � an,i+,g = +6158,

Iru wkh FK2 v|pphwulf vwuhwfk wkhuh duh rqo| wkuhh lqghshqghqw qrqydqlvklqj

+dt,b>D hohphqwv +dt,11l / +dt,##l / dqg +dt,lll 1 Wkhuhiruh/ zh kdyh

[
b>

�b>+dt,b>D @ �Dl ^+dt,11l . +dt,##l . +dt,lll ` = +6159,

Lqvhuwlrq ri Ht1 +6159, lqwr Ht1 +6158, |lhogv

[
��

���+Dt,��& @ Q5 ^+dt,11l . +dt,##l . +dt,lll `

]
+a� � an,i+,g > +615:,
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Wdeoh 615= Phdvxuhg dqg fdofxodwhg qrq0ydqlvklqj whqvru hohphqwv D��& iru wkh FK2 v|p0

phwulf +v, dqg dqwlv|pphwulf +d, vwuhwfk prghv1 Doo ydoxhv duh lq xqlw ri 433�f p2Y3�vhf3�1

v0vwuhwfk d0vwuhwfk

phdvxuhg fdofxodwhg phdvxuhg fdofxodwhg

D%%5 558 	 48 558 063 	 53 045

D++5 7:8 	 48 7:7 0468 	 53 0479

D555 678 	 78 68; 553 	 :3 48;

D%5% @ D5%% � 3 57 53 	 58 85

D+5+ @ D5++ � 3 064 563 	 48 56;

D%%% � 3 0< � 3 08

D++% 04< 	 9 04< � 3 ;

D55% � 3 045 � 3 08

D%++ @ D+%+ � 3 6 � 3 0<

D%55 @ D5%5 � 3 0; � 3 08

zklfk lv lghqwlfdo wr wkh �uvw htxdwlrq lq Ht1 +6155, li an @ a}1 Vlploduo|/ wkh rwkhu wkuhh

htxdwlrqv lq Ht1 +6155, fdq eh suryhq1

Wkhvh dgglwlrqdo htxdwlrqv ri frqvwudlqw ^Ht1 +6155,` doorz xv wr ghgxfh ��+$�,

iurp h{shulphqw zlwkrxw nqrzlqj wkh dfwxdo rulhqwdwlrqdo glvwulexwlrq ri wkh FK2 jurxsv1

Dsso|lqj Ht1 +6155, wr wkh �yh _uhgxfhg% +D^,��& hohphqwv ghgxfhg iurp h{shulphqw/ zh

�qg ��+$�, @ 5=4 dqg ��+$2, @ 4=8 1 Zh fdq wkhq rewdlq wkh �yh fruuhvsrqglqj +D^,��&

hohphqwv> wkhlu ydoxhv duh olvwhg lq Wdeoh 615 dqg odehohg dv _phdvxuhg%1

Ilqdoo| zh lqfoxgh wkh iruzdug2edfnzdug dv|pphwu| revhuyhg lq wkh VIJ vshfwud

iru wkh vvs srodul}dwlrq frpelqdwlrq1 Lqfoxglqj frqwulexwlrqv iurp +D^,++% dqg +D^,%%%/

Ht1 +614<, ehfrphv

D^cig+�> vvs, @ vlq�2Ot t +$r,Ot t +$�,O~~+$2,

�^+D^,++5 frv
2 � . +D^,%%5 vlq

2 �`

. frv�2Ot t +$r,Ot t +$�,Off+$2,

�^+D^,++% frv
� � . +D^,%%% frv � vlq

2 �` = +615;,
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Lw wxuqv rxw wkdw +Dt,++% lv wkh rqo| dgglwlrqdo hohphqw wkdw fdq eh ghwhuplqhg zlwk vx�flhqw

dffxudf|1 Wkh gdvkhg olqh lq Ilj1 618d lv wkh �w zlwk d qrq0}hur +Dt,++%1 Wkh ghgxfhg ydoxh

ri +Dt,++% lv olvwhg lq Wdeoh 6151

Zlwk wkhvh phdvxuhg ydoxhv ri +D^,��&/ zh fdq wkhq xvh Htv1 +61:, dqg +6147,

wr rewdlq dq dssur{lpdwh rulhqwdwlrqdo glvwulexwlrq ixqfwlrq i+�> !> #, iru wkh FK2 jurxsv1

Nqrzlqj wkdw wkh SYD fkdlqv duh txlwh zhoo doljqhg/ zh fdq dvvxph d Jdxvvldq glvwulexwlrq

i+�> !> #, @ F h{s

%
�

+� � �f,
2

5�2w
�

+!� !f,
2

5�2�
�

+# � #f,
2

5�2�

&
> +615<,

zkhuh F lv d qrupdol}dwlrq frqvwdqw> !f @ #f @ 3� e| v|pphwu|> dqg �f/ �w/ ��/ dqg ��

duh sdudphwhuv wr eh ghwhuplqhg1 Iru wklv fdofxodwlrq/ wkh glvwulexwlrq ixqfwlrq i+�> !> #, lv

gh�qhg vxfk wkdw wkh suredelolw| ri �qglqj d FK2 jurxs rulhqwhg dw +��/!�/#�, lq wkh udqjh

� ? �� ? � . g�/ ! ? !� ? ! . g!/ dqg # ? #� ? # . g# lv htxdo wr i+�> !> #,g�g!g#1 Zh

�qg/ iru wkh ehvw �w/

�f @ 5=8� 	 3=:� >

�w @ 59� 	 8� >

�� @ 5:� 	 8� >

�� @ 68� 	 8� =

Wkhvh ydoxhv/ zkhq xvhg zlwk Ht1 +615<, lq Ht1 +61:, wr fdofxodwh +D^,��&/ uhsurgxfh doprvw

doo wkh phdvxuhg +D^,��& ydoxhv zlwklq wkh h{shulphqwdo huuru/ dv vkrzq lq wkh froxpq _fdo0

fxodwhg% lq Wdeoh 6151 Rqh pd| qrwlfh wkdw wkh qxpehu ri h{shulphqwdoo| ghgxfhg +D^,��&

idu h{fhhgv wkh qxpehu ri lqsxw sdudphwhuv +�f/ �w/ ��/ ��/ �
�+$�,/ �

�+$2, dqg Q5, xvhg iru

wklv fdofxodwlrq1 Wkh idfw wkdw zh fdq vwloo frqvlvwhqwo| uhsurgxfh doo wkh phdvxuhg +D^,��&
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ydoxhv lqglfdwhv wkdw Ht1 +615<, lv d jrrg uhsuhvhqwdwlrq ri wkh rulhqwdwlrqdo glvwulexwlrq1

Wkh deryh uhvxowv duh iru wkh vxuidfh FK2 jurxsv1 Vlqfh wkh FK2 prohfxodu sodqh

lv shushqglfxodu wr wkh SYD fkdlq orfdoo|/ wkh vdph vhw ri sdudphwhuv � dqg ! dovr ghvfuleh

wkh rulhqwdwlrq ri wkh sro|phu fkdlqv1 Wkh ydoxhv olvwhg deryh lqglfdwh wkdw wkh SYD fkdlqv

olh doprvw �dw dqg duh zhoo doljqhg rq wkh vxuidfh zlwk dq dyhudjh 518
�
xszdug wlow dorqj

wkh uxeelqj gluhfwlrq1

��e�D 5OB t|�_) Lu @? H�� 4L?L*@)ih L? h�MMi_ �V�

Dv ghvfulehg lq Vhf1 61516/ wkh prohfxodu rulhqwdwlrqdo glvwulexwlrq ri dq ;FE

prqrod|hu dgvruehg rq d uxeehg sro|phu vxuidfh fdq eh ghwhuplqhg iurp VKJ phdvxuh0

phqwv1 Ghsrvlwlrq ri wkh ;FE prqrod|hu zdv prqlwruhg e| VKJ lq vlwx ^<<`1 Zh suhvhqw

lq Ilj1 61< wkh VKJ lqwhqvlwlhv iurp wkh ;FE prqrod|hu rq uxeehg SYD dv d ixqfwlrq ri

wkh vdpsoh d}lpxwkdo dqjoh � iru gl�huhqw lqsxw2rxwsxw srodul}dwlrq frpelqdwlrqv1

Wkh ;FE prqrod|hu rq uxeehg SYD dovr kdv d pdfurvfrslf F�� v|pphwu|/ zklfk

uhvwulfwv wkh qxpehu ri qrqydqlvklqj lqghshqghqw "
E2�
��& hohphqwv wr vl{ xqghu wkh dssur{l0

pdwlrq wkdw �lll grplqdwhv ryhu rwkhu qrqydqlvklqj hohphqwv ri k
E2�

ri ;FE1 Dv olvwhg lq

Uhi1 ^:5`/ wkh| duh

"E2�
555 >

"E2�
%%% >

"E2�
%++ @ "E2�

+%+ @ "E2�
++% >

"E2�
%55 @ "E2�

5%5 @ "E2�
55% >

"E2�
5%% @ "E2�

%5% @ "E2�
%%5 >
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0.6

0.4

0.2

0.0
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(a) ss

40

20

0

20

40

0

45

90

135

180

225

270

315

(b) sp

10

5

0

5

10

0

45

90

135

180

225

270

315

(c) ps

6

4

2

0

2

4

6

0

45

90

135

180

225

270

315

(d) pp

Iljxuh 61<= Srodu sorwv ri VKJ lqwhqvlwlhv +duelwudu| xqlwv, iurp dq ;FE prqrod|hu rq d

uxeehg SYD vxuidfh1 3� dqg 4;3� duh wkh uxeelqj dqg dqwl0uxeelqj gluhfwlrqv/ uhvshfwlyho|1

Flufohv duh wkh h{shulphqwdo gdwd dqg vrolg olqhv duh wkh wkhruhwlfdo �wv1 Wkh lqsxw0rxwsxw

srodul}dwlrq frpelqdwlrqv duh +d,v�?0vL�|/ +e,v�?0sL�|/ +f,s�?0vL�|/ dqg +g,s�?0sL�|1
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Wdeoh 616= Qrqydqlvklqj lqghshqghqw "
E2�
��& hohphqwv ri wkh ;FE prqrod|hu rq uxeehg SYD

ghgxfhg iurp wkh VKJ h{sulphqw zlwk wkh }}} frpsrqhqw qrupdol}hg wr 41

"
E2�
555@�

�� 4

"
E2�
%%% 613 	 318

"
E2�
%++ 3165 	 3158

"
E2�
%55@�

�2 3148 	 313<

"
E2�
5%%@�

� 4418 	 31;

"
E2�
5++@�

� 717 	 317

"E2�5++ @ "E2�+5+ @ "E2�++5 >

dqg fdq eh ghgxfhg e| �wwlqj wkh gdwd lq Ilj1 61< xvlqj Htv1 +615, dqg +616,1 Wkh �w lv

sorwwhg dv vrolg olqhv lq Ilj1 61</ dqg wkh ghgxfhg qrqydqlvklqj "
E2�
��& hohphqwv duh suhvhqwhg

lq Wdeoh 6161

Dv lq Uhi1 ^:5`/ zh fdq dvvxph iru ;FE prohfxohv lq wkh prqrod|hu dq rulhqwdwlrqdo

glvwulexwlrq ri wkh irup

j+�w�> !w�, @ F h{s

%
�

+�w� � �w�cf,
2

5�2

&
^4 . g� frv!w�

.g2 frv+5!w�, . g� frv+6!w�,` > +6163,

zkhuh �w�/ !w� duh wkh srodu dqg wkh d}lpxwkdo dqjohv gh�qhg lq Ilj1 615 / dqg �w�cf/ �/

g�/ g2 dqg g� duh �yh lqghshqghqw sdudphwhuv wr eh ghwhuplqhg iurp wkh �yh phdvxuhg

udwlrv lq Wdeoh 616 xvlqj Ht1 +6149, zlwk d jlyhq ydoxh ri ��1 Wkh uhvxowv duh suhvhqwhg lq

Wdeoh 6171 Lq wklv fdvh/ �� fdqqrw eh ghwhuplqhg vhsdudwho|/ dqg wkh dvvxpswlrq ��+$,@��+5$,

xvhg khuh dovr pd| qrw eh wuxh ehfdxvh ri wkh hohfwurqlf uhvrqdqfh ri ;FE prohfxohv dw wkh

vhfrqg0kduprqlf iuhtxhqf|1 Qhyhuwkhohvv/ dv vkrzq lq Wdeoh 617/ ydu|lqj �� iurp 4 wr 5158

pdlqo| fkdqjhv wkh ghgxfhg ydoxhv ri �w�cf dqg �/ dqg kdv olwwoh h�hfw rq wkh sdudphwhuv

g�/ g2 dqg g� zklfk ghvfuleh wkh d}lpxwkdo glvwulexwlrq1



;:

Wdeoh 617= Ghgxfhg sdudphwhuv lq j+�w�> !w�, iru ydulrxv ydoxhv ri wkh vxuidfh glhohfwulf

frqvwdqw �� ri wkh ;FE prqrod|hu1

�� �f +ghj, � +ghj, g� g2 g�

413 ;3	8 9	6 13:	136 1;8	136 137	135

4158 :;	9 ;	7 13:	136 1;8	136 137	135

418 :8	; <	7 13:	136 1;8	136 137	135

41:8 :5	< 43	8 13:	136 1;8	136 137	135

513 9<	43 44	8 13:	136 1;8	136 137	135

5158 99	45 45	9 13:	136 1;8	136 137	135

��D #�tU�tt�L?

��D�� 5�hu@Ui _i?t�|) Lu �O2 }hL�Tt

Dv vhhq lq Ht1 +61:,/ Q5/ wkh vxuidfh ghqvlw| ri FK2 jurxsv/ lv d sdudphwhu qhhghg

lq rxu txdqwlwdwlyh dqdo|vlv ri wkh VIJ gdwd1 Wr rewdlq wkh ehvw0�w ydoxhv ri +D^,��& olvwhg

lq wkh _fdofxodwhg% froxpq lq Wdeoh 615/ zh xvhg

Q5 @ +4=:	 3=5,� 43�D fp32 > +6164,

zklfk vhhpv wrr odujh frqvlghulqj wkdw wkh FK2 vxuidfh ghqvlw| fdofxodwhg iurp wkh SYD

fu|vwdoolqh vwuxfwxuh ^433` lv rqo| derxw :� 43�e fp321 Wklv lv suhvxpdeo| ehfdxvh lq rxu

fdofxodwlrq zh kdyh qhjohfwhg wkh idfwru o8+$r,o8+$�,o8+$2, uhvxowlqj iurp wkh plfurvfrslf

orfdo0�hog h�hfw1 Dv glvfxvvhg lq Dsshqgl{ F/ Q5 lq Ht1 +61:, vkrxog eh uhsodfhg e|

Q5o8+$r,o8+$�,o8+$2,1 D wkhruhwlfdo hvwlpdwh ri vxfk dq h�hfw ^Ht1 +F18,` vkrzv wkdw o8 lv

xvxdoo| odujhu wkdq 4/ zklfk pdnhv wkh ydoxh ri Q5 forvhu wr wkh h{shfwhg rqh1

��D�2 ,giU| Lu h�MM�?} L? �V� t�hu@Ui t|h�U|�hi

Zh kdyh suhvhqwhg wkh VIJ vshfwud +Ilj1 617, iru wkh vvs dqg vsv srodul}dwlrq

frpelqdwlrqv iru wkh xquxeehg SYD vdpsoh1 Wkh vshfwud iurp wkh uxeehg dqg xquxeehg



;;

Rubbing

(a) before (b) after

Iljxuh 6143= Sursrvhg sro|phu fkdlq glvwulexwlrq +wrs ylhz, rq d SYD vxuidfh +d,ehiruh/

dqg +e,diwhu uxeelqj1

vdpsohv orrn vlplodu h{fhsw wkdw wkhuh lv qr d}lpxwkdo vshfwudo yduldwlrq iru wkh xquxeehg

rqh1 Wkh gdvkhg olqhv lq Ilj1 617 duh suhglfwhg vshfwud iru wkh xquxeehg vdpsoh dvvxplqj

wkh vdph Jdxvvldq glvwulexwlrq iru � dqg # ghgxfhg hduolhu iru wkh uxeehg rqh/ exw d

xqlirup glvwulexwlrq lq !1 Wkh devroxwh lqwhqvlwlhv ri wkh phdvxuhg vshfwud duh voljkwo|

orzhu wkdq suhglfwhg1 D vrphzkdw eurdghu glvwulexwlrq lq � dqg # +�w @ 68�/ �� @ 78�,

�wv wkh vshfwud zhoo +vrolg olqhv,1

Edvhg rq wkhvh uhvxowv/ d srvvleoh vfhqdulr iru uxeelqj0lqgxfhg SYD fkdlq rughulqj

lv sursrvhg lq Ilj1 6143 +sduwldoo| lqvsluhg e| d _uxeelqj% h�hfw rq d vwuhhw lq Ehunhoh|/

vhh Ilj1 6144,1 Ehiruh uxeelqj/ vrph vhfwlrqv ri wkh SYD fkdlqv zhuh o|lqj pruh ru ohvv

�dw rq wkh vxuidfh dqg lvrwurslf lq wkh sodqh/ zlwk wkhlu hqgv suhvxpdeo| exulhg lq wkh

exon1 Gxulqj uxeelqj/ �ehuv rq wkh uxeelqj pdwhuldo zrxog jude wkh vxuidfh sro|phu

fkdlqv/ vwuhwfk wkhp lq wkh uxeelqj gluhfwlrq dqg hyhq sxoo vrph fkdlq vhfwlrqv rxw iurp

wkh vxe0vxuidfh/ uhvxowlqj lq vwdfnhg horqjdwhg kdoi orrsv rqh rq wrs ri dqrwkhu1 Wklv

zrxog h{sodlq qrw rqo| wkh d}lpxwkdo fkdlq rughulqj lq wkh uxeelqj gluhfwlrq/ exw dovr wkh

iruzdug2edfnzdug dv|pphwu|1



;<

Iljxuh 6144= _Uxeelqj% h�hfw rq Edqfuriw Zd|/ Ehunhoh|1 Wklv furvvzdon rq wkh vwuhhw kdv

ehhq uxeehg uhshdwhgo| e| wkh zkhhov ri sdvvlqj yhklfohv jrlqj grzqkloo1 Qrwh wkdw wkh

zklwh pdun whqgv wr _doljq% lq wkh uxeelqj gluhfwlrq1 Rxu jurxs riwhq furvv wklv vwuhhw wr

jr wr oxqfk wrjhwkhu1 Wklv vfhqh vwulnlqjo| uhvhpeohv wkh phfkdqlvp ri uxeelqj lqgxfhg

sro|phu fkdlq doljqphqw wkdw zh sursrvhg lq Ilj1 61431
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Iurp wkh VIJ dqg VKJ vwxglhv zh kdyh rewdlqhg wkh rulhqwdwlrqdo glvwulexwlrq

ixqfwlrqv i+�> !> #, iru wkh vxuidfh SYD fkdlqv dqg j+�w�> !w�, iru wkh prohfxohv lq wkh

;FE prqrod|hu lqghshqghqwo|1 Lw lv lpsruwdqw wr �qg wkh fruuhodwlrq ehwzhhq wkhp1 Lq

rughu wr gr vr/ zh fdofxodwh d judqg d}lpxwkdo glvwulexwlrq ixqfwlrq I +!, iru SYD fkdlqv e|

lqwhjudwlqj i+�> !> #, ryhu � dqg #/ dqg dovr J+!w�, iru wkh ;FE prohfxohv e| lqwhjudwlqj

j+�w�> !w�, ryhu �w�1 Krzhyhu/ zh qrwlfh wkdw xqolnh dq ;FE prohfxoh/ d vhfwlrq ri SYD

fkdlq kdv qr srodulw|/ l1h1/ +�> !, dqg +��> ! . 4;3�, ghvfuleh wkh vdph fkdlq rulhqwdwlrq1

Wr gh�qh i+�> !> #, ryhu doo rulhqwdwlrqv/ zh fdq olplw � ehwzhhq 3� dqg <3� dqg ydu| !

ryhu wkh hqwluh 693�1 Zh qdwxudoo| xvh wkh vdph olplwlqj udqjhv iru �w� dqg !w� wr gh�qh

j+�w�> !w�, iru srodu ;FE prohfxohv1

D srodu sorw ri
s
I +!, dqg

s
J+!w�, duh suhvhqwhg lq Ilj1 61451 Wkh fruuhodwlrq

ehwzhhq wkh wzr lv uhpdundeoh1 Dv zh h{shfwhg/ wkh uxeehg SYD vxuidfh dsshduv wr eh pruh

rughuhg lq wkh d}lpxwkdo glvwulexwlrq wkdq wkh dgvruehg ;FE prqrod|hu1 Wklv vxjjhvwv wkdw

wkh uxeehg sro|phu vxuidfh lqghhg vhuyhv dv d prohfxodu whpsodwh wr doljq OF prohfxohv

wkurxjk vkruw0udqjh prohfxodu lqwhudfwlrq ^434`1

Wkh iruzdug2edfnzdug dv|pphwu| ri wkh ;FE rulhqwdwlrqdo glvwulexwlrq +uhsuh0

vhqwhg e| wkh srvlwlyh frh�flhqw g� @ 3=3:, lqglfdwhv wkdw wkh ;FE prohfxohv suhihu wr

doljq lq wkh iruzdug gluhfwlrq1 Wklv pxvw eh vrphkrz uhodwhg wr wkh dyhudjh xszdug wlow

dqjoh +�f@5=8
�, ri wkh SYD fkdlqv1 Vlplodu uhvxowv kdyh dovr ehhq irxqg iurp rwkhu uxeehg

sro|phuv ^;5/ ;:/ ;;`/ |hw qr wkhruhwlfdo prgho lv dydlodeoh wr fruuhodwh wkhvh wzr wlow dq0

johv txdqwlwdwlyho|1 Wkhuh duh/ krzhyhu/ vrph txdolwdwlyh h{sodqdwlrqv1 Iru h{dpsoh/ lw
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Iljxuh 6145= Srodu sorw ri wkh judqg d}lpxwkdo glvwulexwlrq ixqfwlrqv ri wkh SYD fkdlqv

+gdvkhg olqh, dqg ;FE prohfxohv +vrolg olqh, rq d uxeehg SYD vxuidfh1 Vtxduh urrw ydoxhv

duh xvhg vr wkdw wkh wrwdo duhdv lqvlgh wkh wzr fxuyhv uhpdlq frqvwdqw1
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kdv ehhq dvvxphg wkdw uxeelqj lqgxfhv d vdz0wrrwk0olnh sro|phu vxuidfh zklfk ohdgv wr d

krprjhqhrxv OF doljqphqw zlwk d iruzdug suhwlow dqjoh ^435`1 Wklv lv frqvlvwhqw zlwk wkh

vfhqdulr zh sursrvhg iru wkh uxeehg SYD vxuidfh +Ilj1 6143,/ lq zklfk wkh ;FE prohfxohv

dgvruehg rq wkh edfn0vodqwhg whuudfhv zrxog dsshdu wr doljq pruh lq wkh iruzdug gluhfwlrq1

Dv ghprqvwudwhg lq Uhi ^:7`/ wkh OF prqrod|hu wkhq jryhuqv wkh iruzdug suhwlow dqjoh ri d

exon OF �op1

��S �L?U*�t�L?

Zh kdyh xvhg VIJ vxuidfh yleudwlrqdo vshfwurvfrs| wr ghwhuplqh/ iru wkh �uvw wlph/

d txdqwlwdwlyh rulhqwdwlrqdo glvwulexwlrq ri wkh sro|phu fkdlqv dw wkh yhu| wrs vxuidfh ri d

uxeehg SYD vdpsoh1 Zh kdyh dovr xvhg VKJ wr ghwhuplqh wkh rulhqwdwlrqdo glvwulexwlrq

ri d prqrod|hu ri ;FE prohfxohv dgvruehg rq uxeehg SYD1 Frpsdulvrq ri wkh wzr lq wkh

d}lpxwkdo sodqh vkrzv wkdw wkh| duh zhoo fruuhodwhg1 Wklv vwurqjo| vxssruwv wkh eholhi wkdw

_rulhqwdwlrqdo hslwd{|% lv wkh phfkdqlvp uhvsrqvleoh iru wkh vxuidfh0lqgxfhg OF exon doljq0

phqw e| uxeehg sro|phu vxuidfhv1 Zh kdyh sursrvhg d srvvleoh vfhqdulr iru krz uxeelqj

fkdqjhv wkh sro|phu fkdlq frqirupdwlrq dw wkh vxuidfh/ zklfk lv vxemhfw wr ixwxuh h{shul0

phqwdo whvwv1 Wklv zrun lv dovr d ghprqvwudwlrq wr vkrz wkdw VIJ yleudwlrqdo vshfwurvfrs|

fdq eh dq h�hfwlyh wrro wr sureh txdqwlwdwlyho| wkh vxuidfh vwuxfwxuh ri d sro|phu/ zlwk ru

zlwkrxw h{whuqdo shuwxuedwlrq1
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Dprqj pdq| xvhixo dssolfdwlrqv ri VIJ vxuidfh vshfwurvfrs|/ vwxglhv ri wkh lqwhu0

idfldo vwuxfwxuh ri qhdw pdwhuldov duh ri sduwlfxodu lqwhuhvw vlqfh ihz rwkhu whfkqltxhv fdq

|lhog dv pxfk lqirupdwlrq1 Lfh dqg uxeehg SYD glvfxvvhg lq suhylrxv fkdswhuv duh wzr vxfk

h{dpsohv1

Lq lqwhusuhwlqj wkh revhuyhg VIJ vshfwud lq uh�hfwlrq/ rqh xvxdoo| dvvxphv wkdw

wkh vshfwud ruljlqdwh iurp wkh wrs vxuidfh prqrod|hu1 Iurp d jhqhudo sk|vlfdo dujxphqw/

krzhyhu/ zh fdq rqo| frqfoxgh wkdw wkh exon hohfwulf0txdguxsroh frqwulexwlrq iurp d fhq0

wurv|pphwulf phglxp lv vpdoohu wkdq/ ru ri wkh vdph rughu ri pdjqlwxgh dv/ wkh vxuidfh

frqwulexwlrq wr VIJ lq uh�hfwlrq ^5/ 436`1 Zlwkrxw dq| sulru nqrzohgjh derxw wkh vxuidfh
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vwuxfwxuh/ lw lv qrw fohdu zkhwkhu wkh exon frqwulexwlrq fdq dozd|v eh qhjohfwhg1 Wr eh

fhuwdlq/ zh qhhg wr nqrz wkh vxuidfh dqg exon frqwulexwlrqv vhsdudwho|1 Wklv/ lq jhqhudo/

fdqqrw eh grqh ^436/ 437/ 438`1 Krzhyhu/ iurp VIJ phdvxuhphqwv lq erwk uh�hfwlrq dqg

wudqvplvvlrq ^439`/ zh fdq rewdlq d jrrg hvwlpdwh ri wkh exon qrqolqhdulw|/ zklfk doorzv xv

wr mxgjh zkhwkhu lw lv qhjoljleoh ru qrw1

Vhfwlrq 715 glvfxvvhv wkh wkhruhwlfdo edfnjurxqg dqg dvvxpswlrqv ehklqg rxu phd0

vxuhphqwv1 Vhfwlrq 716 suhvhqwv wkh h{shulphqwdo vfkhph iru phdvxuhphqwv dqg frpsdulvrq

ri uh�hfwhg dqg wudqvplwwhg VIJ vshfwud1 Wkh whfkqltxh kdv ehhq dssolhg wr wkuhh gl�hu0

hqw vdpsohv1 Wkh �uvw rqh lv d vlodqh prqrod|hu dgvruehg rq ixvhg txduw} +Vhf1 71714, iurp

zklfk wkh uh�hfwhg dqg wudqvplwwhg VIJ vshfwud dsshdu wr eh zhoo fruuhodwhg dv wkh| vkrxog

eh1 Wkh vhfrqg rqh lv d sro|hwk|ohqh �op +Vhf1 71715,1 Wkhuh/ wkh uh�hfwhg dqg wudqvplwwhg

VIJ vshfwud duh vljql�fdqwo| gl�huhqw/ lqglfdwlqj wkdw wkh exon frqwulexwlrq lv lpsruwdqw

iru wkh wudqvplwwhg VIJ1 Wkh wklug rqh lv wkh ixvhg vlolfd2zdwhu lqwhuidfh +Vhf1 71716,/ zklfk

dovr vkrzv vrph exon frqwulexwlrq lq wudqvplvvlrq1 Zh fdq wkhq ghgxfh wkh ydoxh ri wkh

exon qrqolqhdulw| dqg vkrz wkdw lwv frqwulexwlrq wr wkh uh�hfwhg VIJ lv lqghhg qhjoljleoh1

Lq idfw/ wkh phdvxuhg exon qrqolqhdulw| dovr jlyhv xv dq hvwlpdwh ri krz zhdn wkh uh�hfwhg

VIJ zrxog kdyh wr eh iru wkh exon frqwulexwlrq wr eh qrq0qhjoljleoh1

e�2 A�iLh)

Lq d w|slfdo vxuidfh VIJ h{shulphqw/ wzr lqsxw odvhu ehdpv dw iuhtxhqflhv $� dqg

$2 ryhuods dw d vxuidfh ru lqwhuidfh wr lqgxfh d vxuidfh qrqolqhdu srodul}dwlrq

S
E2�
5 +$r, @ �f�

#
5 = H+$�,H+$2, +714,
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dqg jhqhudwh d frkhuhqw VIJ rxwsxw dw $r lq wzr zhoo gh�qhg gluhfwlrqv +uh�hfwlrq dqg

wudqvplvvlrq/ vhh Ilj1 714,1 Erwk gluhfwlrqv duh ghwhuplqhg e| wkh uhtxluhphqw wkdw wkh

sdudooho +{, frpsrqhqwv ri wkh lqsxw dqg rxwsxw zdyhyhfwruv duh pdwfkhg=

n�% . n2% @ nr% = +715,

Vfdqqlqj $2 ryhu wkh iuhtxhqf| udqjh ri wkh vxuidfh prohfxodu yleudwlrqdo prghv |lhogv dq

VIJ vshfwuxp1

Iru d fhqwurv|pphwulf exon phglxp/ dowkrxjk lwv qrqolqhdu vxvfhswlelolw| �#� ydq0

lvkhv xqghu wkh hohfwulf0glsroh dssur{lpdwlrq/ lw vwloo kdv d exon qrqolqhdu srodul}dwlrq

uhvxowlqj iurp hohfwulf0txdguxsroh frqwulexwlrqv ^5/ 436/ 438`

S
E2�
� +$r, @ �f�

"�111uH+$�,H+$2, . �f�
"2111H+$�,uH+$2,� �fu � ^�" = H+$�,H+$2,` =

+716,

Wklv jhqhudo irup kdv dovr lqfoxghg wkh pdjqhwlf glsroh frqwulexwlrq ^43:`1 Li H+$�, dqg

H+$2, fdq eh wuhdwhg dv sodqh zdyhv zlwk zdyhyhfwruv n�

� dqg n�

2/ wkhq Ht1 +716, ehfrphv

S
E2�
�� @ l�f

[

�,6

k
"
"�
��,6n�

�6 . "
"2
��,6n�

26 � "
"
��,6+n�

�6 . n�

26,
l
H�+$�,H,+$2, = +717,

Wklv exon frqwulexwlrq wr VIJ fdq eh ghvfulehg lq whupv ri dq h�hfwlyh vxuidfh qrqolqhdu

vxvfhswlelolw| ^43;`

"5���& @
[
6

"
"
��,6+n�

�6 . n�

26,� "
"�
��,6n�

�6 � "
"2
��,6n�

26

n�

r5 � n�

�5 � n�

25

= +718,

Wkh devroxwh ydoxh ri wkh ghqrplqdwru lq Ht1 +718, |lhogv wkh idfwru oS @
�

�&�

r5
3&�

�5
3&�

25
�
/

zklfk lv xvxdoo| gh�qhg dv wkh frkhuhqfh ohqjwk1 Vlqfh n�r5 lv srvlwlyh dqg qhjdwlyh iru wkh

uh�hfwhg dqg wudqvplwwhg VIJ/ uhvshfwlyho|/ oS lv yhu| gl�huhqw iru wkh wzr jhrphwulhv1 E|



<9

phdvxulqj VIJ lq erwk uh�hfwlrq dqg wudqvplvvlrq gluhfwlrqv/ zh fdq ghgxfh vrph frp0

srqhqwv ri "5���& dqg wkhuhiruh rewdlq dq hvwlpdwh ri ""/ ""� dqg ""2 li zh dvvxph wkhlu

qrqydqlvklqj hohphqwv duh ri wkh vdph rughu ri pdjqlwxgh1

Lw lv zhoo nqrzq wkdw vrph sduw ri wkh exon frqwulexwlrq fdqqrw eh vhsdudwhg

iurp wkh vxuidfh frqwulexwlrq lq VIJ dqg VKJ +vhfrqg0kduprqlf jhqhudwlrq, phdvxuhphqwv

^437`1 Wkhuh duh dovr h{wud exon frqwulexwlrqv dulvlqj iurp udslg yduldwlrqv ri wkh �hogv dqg

wkh vwuxfwxuh dw dq lqwhuidfh ^438`1 Wkh| ehkdyh olnh d vxuidfh qrqolqhdu vxvfhswlelolw| dqg

dovr fdqqrw eh vhsdudwhg iurp �
#
5 h{shulphqwdoo|1 Krzhyhu/ wkhvh duh doo hohfwulf0txdguxsroh

lq qdwxuh/ dqg wkhlu frqwulexwlrqv wr wkh h�hfwlyh vxuidfh qrqolqhdulw| suhvxpdeo| kdyh

wkh vdph rughu ri pdjqlwxgh dv ""/ ""� dqg ""21 Wkxv wkh ghgxfwlrq ri dq rughu0ri0

pdjqlwxgh ydoxh ri ""/ ""� dqg ""2 iurp wkh phdvxuhphqw ri "5���& doorzv xv wr kdyh dq

rughu0ri0pdjqlwxgh hvwlpdwh ri wkh lpsruwdqfh ri doo wkh exon frqwulexwlrqv wr VIJ1 Lq wkh

iroorzlqj/ zh frpelqh �#
5 dqg wkh lqvhsdudeoh exon frqwulexwlrqv lqwr rqh txdqwlw| �

E2�
5 /

dqg h{suhvv wkh wrwdo h�hfwlyh vxuidfh qrqolqhdu vxvfhswlelolw| iru VIJ lq wkh irup

�
E2�
|L| @ �

E2�
5 .

�
E2�
� +n�

�>n
�

2,

n�

r5 � n�

�5 � n�

25

= +719,

e�� , Tih�4i?|

Wkh h{shulphqwdo duudqjhphqw lv ghslfwhg lq Ilj1 7141 Wkh lqsxw ehdpv/ rqh dw

41397 �p/ dqg wkh rwkhu wxqdeoh ehwzhhq 518 �p dqg < �p/ zhuh jhqhudwhg iurp d Qg=\DJ

odvhu dqg d odvhu0sxpshg rswlfdo sdudphwulf v|vwhp1 Erwk ehdpv kdyh d sxovh zlgwk ri

�48 svhf/ d uhshwlwlrq udwh ri 53 K}/ dqg d w|slfdo ehdp gldphwhu ri �4 pp dw wkh vdpsoh

vxuidfh1 Vlqfh doljqphqw lv fuxfldo iru wklv h{shulphqw/ zh jlyh ehorz d ghwdlohg dffrxqw ri
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Wdeoh 714= Fdofxodwhg VIJ h{lw dqjoh �r iru gl�huhqw lqiuduhg iuhtxhqflhv1 Wkh _ylvleoh%

ehdp $� lv dw 4397 qp/ dqg wkh lqflghqfh dqjohv ri $� dqg $2 duh 78� dqg 8:� iurp wkh

vdpsoh vxuidfh qrupdo/ uhvshfwlyho|/ dv vkrzq lq Ilj1 714+d,1

Zdyh qxpehu $2@+5�f, VIJ h{lw dqjoh �r
5;33 fp3� 5319�

5<33 fp3� 5313�

6333 fp3� 4<18�

rxu doljqphqw surfhgxuh1

Iluvw/ wr doljq iru wkh uh�hfwhg VIJ phdvxuhphqwv +Ilj1 714d,/ zh xvhg d }0fxw

txduw} uhihuhqfh vdpsoh wr rswlpl}h wkh vljqdo1 Wkh VIJ uh�hfwlrq dqjoh �r ydulhg zlwk wkh

lqsxw lqiuduhg zdyhohqjwk +Wdeoh 714, exw frxog eh frpshqvdwhg e| ohqv O4/ zklfk lpdjhg

wkh ehdp vsrw rq wkh vdpsoh vxuidfh wr slqkroh S5 lq iurqw ri wkh ghwhfwru1 D Kh0Qh

odvhu ehdp zdv wkhq gluhfwhg wr wudfh wkh VIJ ehdp sdwk lqwr ghwhfwru G zlwk wkh khos ri

slqkrohv S4 dqg S51 Zlwk wkh uhdo vdpsoh uhsodflqj wkh uhihuhqfh vdpsoh/ wkh doljqphqw

zdv grqh e| dgmxvwlqj wkh vdpsoh srvlwlrq vxfk wkdw wkh uh�hfwhg 41397 �p lqsxw ehdp

dqg wkh Kh0Qh odvhu ehdp uhwudfhg wkhlu suhylrxv ehdp sdwkv1

Li wkh glvshuvlrq ehwzhhq wkh Kh0Qh dqg VIJ zdyhohqjwkv +966 qp dqg �;43 qp/

uhvshfwlyho|/ lq rxu h{shulphqw, lv qhjoljleoh/ wkh Kh0Qh odvhu ehdp xvhg wr wudfh wkh uh0

�hfwhg VIJ ehdp vkrxog dovr wudfh wkh wudqvplwwhg VIJ ehdp1 Wkhuhiruh/ iru doljqphqw

ri wkh wudqvplwwhg VIJ phdvxuhphqwv +Ilj1 714e,/ zh xvhg pluuruv P5 dqg P6 xqghuqhdwk

wkh vdpsoh wr uh�hfw wkh wudqvplwwhg Kh0Qh jxlgh ehdp lqwr wkh vdph sdwk gh�qhg e| S4

dqg S5 iru wkh uh�hfwhg ehdp1 Wr frpshqvdwh iru wkh yduldwlrq ri wkh VIJ h{lw dqjoh gxh

wr glvshuvlrq/ zh xvhg dqrwkhu ohqv +O5, ehwzhhq P5 dqg P6 wr lpdjh wkh ehdp vsrw rq

wkh vdpsoh vxuidfh 4=4 edfn rqwr lwvhoi1 Wkh wudqvplwwhg dqg uh�hfwhg Kh0Qh/ dqg khqfh

VIJ/ ehdpv zhuh wkhq dorqj wkh vdph sdwk wkurxjk S4 dqg S5 lqwr wkh ghwhfwru1
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Iljxuh 714= H{shulphqwdo vhwxs iru phdvxulqj VIJ lq +d,uh�hfwlrq/ dqg +e,wudqvplvvlrq1

P4/ P5 dqg P6= phwdo pluuruv wr uh�hfw wkh VIJ vljqdo> S4 dqg S5= lulv gldskudjpv wr

gluhfw wkh VIJ dqg wkh jxlgh Kh0Qh ehdpv> G= skrwr0ghwhfwru> O4= ohqv wr lpdjh wkh ehdp

vsrw rq wkh vdpsoh vxuidfh wr gldskudjp S5> O5= ohqv wr lpdjh wkh ehdp vsrw rq wkh vdpsoh

vxuidfh edfn wr lwvhoi zlwk d voljkw sdudooho vkliw> Z= �dw zlqgrz wr vkliw wkh VIJ ehdp1



<<

Lq wkh dfwxdo VIJ phdvxuhphqwv/ zh kdg wr vhsdudwh uh�hfwhg dqg wudqvplwwhg

VIJ vljqdov1 Wklv zdv dffrpsolvkhg e| d vpdoo sdudooho vkliw ri P6 wr wkh uljkw wkdw

glvsodfhg wkh wudqvplwwhg VIJ ehdp voljkwo| iurp wkh uh�hfwhg VIJ ehdp rq wkhlu zd| wr

wkh ghwhfwru1 Wkhq rqo| wkh uh�hfwhg VIJ rxwsxw frxog jr wkurxjk wkh slqkrohv wr uhdfk

wkh ghwhfwru1 Wr phdvxuh wkh wudqvplwwhg VIJ/ zh lqvhuwhg �dw zlqgrz Z lq iurqw ri O4

wr frpshqvdwh iru wkh vkliw ri wkh wudqvplwwhg VIJ ehdp fdxvhg e| wkh vkliw ri P6 dqg/ dw

wkh vdph wlph/ vkliw wkh uh�hfwhg VIJ ehdp dzd|1 Rqo| wkh wudqvplwwhg VIJ rxwsxw frxog

wkhq uhdfk wkh ghwhfwru1

Wkh deryh doljqphqw surfhgxuh zdv irxqg wr eh uholdeoh dqg hdv| wr lpsohphqw1

Vlqfh wkh uh�hfwhg dqg wudqvplwwhg VIJ vljqdov zhuh uhfrughg e| wkh vdph ghwhfwlrq v|vwhp/

wkh uhvxowv zhuh dphqdeoh wr txdqwlwdwlyh frpsdulvrq1

e�e +it�*|t @?_ @?@*)t�t

e�e�� �U|@_iU)*|h�U�*LhLt�*@?i 4L?L*@)ih

Zh kdyh phdvxuhg VIJ vshfwud lq erwk uh�hfwlrq dqg wudqvplvvlrq iurp dq rfwdgh0

f|owulfkorurvlodqh +RWV, prqrod|hu rq d ixvhg vlolfd vxevwudwh1 Wkh vdpsoh zdv suhsduhg e|

wkh xvxdo vhoi0dvvhpeo| whfkqltxh ^85`1 Wkh wklfnqhvv ri wkh ixvhg vlolfd vxevwudwh lv derxw

6 pp/ vx�flhqw wr holplqdwh wkh VIJ frqwulexwlrq iurp wkh erwwrp vxuidfh1 RWV kdv d orqj

don|o fkdlq dqg lv nqrzq wr irup d zhoo0rughuhg vhoi0dvvhpeohg prqrod|hu rq jodvv1 VIJ

vshfwud ri wkh F0K vwuhwfk prghv lq uh�hfwlrq iurp vxfk d prqrod|hu zhuh uhsruwhg hduolhu

^<9`1 Lq wklv fdvh/ ehfdxvh wkh uhvrqdqw VIJ vljqdo ruljlqdwhg iurp d vxuidfh prqrod|hu/

wkh uh�hfwhg dqg wudqvplwwhg vshfwud zhuh h{shfwhg wr eh fruuhodwhg1
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Wkh vxuidfh qrqolqhdu vxvfhswlelolw| �
E2�
5 ri dq RWV prqrod|hu zlwk F"� v|pphwu|

kdv rqo| 6 lqghshqghqw qrq0ydqlvklqj hohphqwv=

"
E2�
5c555 >

"
E2�
5c%%5 @ "

E2�
5c++5 >

"
E2�
5c%5% @ "

E2�
5c5%% @ "

E2�
5c+5+ @ "

E2�
5c5++ =

Lq wkh odvw urz zh kdyh xvhg wkh dssur{lpdwlrq "
E2�
5c��& @ "

E2�
5c��& ehfdxvh $� dqg $r duh idu

dzd| iurp hohfwurqlf uhvrqdqfhv1

Qhdu yleudwlrqdo uhvrqdqfhv �
E2�
5 wdnhv wkh irup

�
E2�
5 +$2, @ �

�+
5 .
[

^

D^

$2 � $^ . l�^

> +71:,

zkhuh ��+
5 ghvfulehv wkh qrquhvrqdqw edfnjurxqg/ dqg D^/ $^ dqg �^ duh wkh dpsolwxgh/

uhvrqdqw iuhtxhqf| dqg gdpslqj frqvwdqw/ uhvshfwlyho|/ ri wkh twk prohfxodu yleudwlrqdo

prgh1

Lq PNV xqlwv wkh VIJ rxwsxw lqwhqvlw| lv jlyhq e|

L+$r, @
$2
r

;�ff� frv2 �r

m"
E2�
|L|cig m

2L+$�,L+$2, > +71;,

zkhuh L+$�, lv wkh ehdp lqwhqvlw| dw $�/ dqg "
E2�
|L|cig lv wkh wrwdo h�hfwlyh vxuidfh qrqolqhdu

vxvfhswlelolw| gh�qhg dv

"
E2�
|L|cig @ "

E2�
5cig . "

E2�
�cig

@ ^O+$r, � ahr` � �
E2�
|L| = ^O+$�, � ah�`^O+$2, � ah2` > +71<,

zlwk ah� ehlqj wkh xqlw srodul}dwlrq yhfwru ri wkh rswlfdo �hog dw $� dqg O+$�, ehlqj wkh

whqvruldo Iuhvqho idfwru1 Lq wkh suhvhqw fdvh/ "
E2�
�cig frphv iurp wkh ixvhg vlolfd vxevwudwh1
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Wdeoh 715= Sdudphwhuv ri wkh wkuhh ehdpv dqg wkh fdofxodwhg Iuhvqho idfwruv iru wkh

dlu2ixvhg txduw} lqwhuidfh1 +U, dqg +W, uhsuhvhqw uh�hfwlrq dqg wudqvplvvlrq/ uhvshfwlyho|1

O+$r>W, lqfoxghv wkh wudqvplvvlrq frh�flhqw ri wkh erwwrp vxuidfh ri wkh ixvhg txduw} vxe0

vwudwh1 Wkh glhohfwulf frqvwdqw ri wkh vxuidfh prqrod|hu �� @ 4 zdv xvhg iru wkh fdofxodwlrq

ri O551

$r+U, $r+W, $� $2

� ;43 qp ;43 qp 4397 qp 617 �p

q 41786 41786 41783 41743

� 5313� 5313� 78� 8:�

O%% 1;6 1<: 1<5 4135

O++ 1;3 1<9 1:5 198

O55 414: 1<: 413; 1<;

O%%h% +s, 01:; 1<4 198 0189

O++h+ +v, 1;3 1<9 1:5 198

O55h5 +s, 173 166 1:: 1;5

Wkh Iuhvqho idfwruv dw wkh fhqwhu ri rxu wxqlqj udqjh kdyh ehhq fdofxodwhg dqg olvwhg

lq Wdeoh 7151 Ehfdxvh wkh wxqlqj udqjh lv uhodwlyho| vpdoo +533 fp3�, lq wklv h{shulphqw/

wkh glvshuvlrq ri Iuhvqho idfwruv gxh wr wkh yduldwlrq ri $2 fdq eh qhjohfwhg1 Xvlqj wkhvh

ydoxhv/ zh fdq h{suhvv doo wkh vxuidfh h�hfwlyh qrqolqhdu vxvfhswlelolwlhv lq whupv ri wkh 6

lqghshqghqw qrq0ydqlvklqj "
E2�
5c��& hohphqwv=

"
E2�
5cig+vvs>U, @ =7:"

E2�
5c%%5 >

"
E2�
5cig+vvs>W, @ =89"

E2�
5c%%5 >

"
E2�
5cig+sss>U, @ =58"

E2�
5c555 � =75"

E2�
5c%%5 . =4<"

E2�
5c%5% >

"
E2�
5cig+sss>W, @ =54"

E2�
5c555 . =7<"

E2�
5c%%5 � =84"

E2�
5c%5% >

"
E2�
5cig+vsv>U, @ =73"

E2�
5c%5% >

"
E2�
5cig+vsv>W, @ =7;"

E2�
5c%5% = +7143,

Wkhvh htxdwlrqv vkrz d vwulfw fruuhodwlrq ehwzhhq wkh uh�hfwhg dqg wudqvplwwhg VIJ vshfwud

iurp wkh vxuidfh frqwulexwlrq/ lq frqwudvw wr wkh h�hfwlyh exon qrqolqhdu vxvfhswlelolw| "
E2�
�cig /
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Wdeoh 716= Prohfxodu yleudwlrqdo prghv rq dq RWV prqrod|hu dqg wkhlu fruuhvsrqg0

lqj qrqolqhdu dpsolwxghv rewdlqhg iurp �wwlqj ri wkh VIJ vshfwud1 Wkh xqlw ri D lv

433bp2Y3�vhf3�1

Prgh $^@+5�f, �^@+5�f, D%%5 D555 D%5%

v0FK� 5;;5 fp3� :18 fp3� :1< 415 3

Ihupl0Uhv1 5<76 fp3� 4318 fp3� 4315 314 0418

d0FK� 5<:3 fp3� <18 fp3� 0617 916 917

zklfk fdq eh vwurqjo| hqkdqfhg e| wkh orqjhu frkhuhqfh ohqjwk lq wkh wudqvplvvlrq gluhfwlrq1

Ilj1 715 vkrzv wkh uh�hfwhg dqg wudqvplwwhg VIJ vshfwud rewdlqhg iurp wkh RWV

prqrod|hu1 Wr wdnh lqwr dffrxqw wkh gl�huhqw orvvhv ri vljqdo lq uh�hfwlrq dqg wudqvplv0

vlrq/ doo vshfwud zhuh qrupdol}hg djdlqvw wkh VIJ lqwhqvlw| iurp d }0fxw fu|vwdoolqh txduw}

uhihuhqfh vdpsoh +vhh Vhf1 41615 iru ghwdlov,/ zklfk pdnhv lw srvvleoh wr sorw doo vshfwud

lq PNV xqlwv1 Wkh uh�hfwhg dqg wudqvplwwhg vshfwud lq Ilj1 715 vhhp wr eh vrphzkdw

gl�huhqw/ hvshfldoo| iru wkh vsv srodul}dwlrq frpelqdwlrq +l1h1/ v0/ s0/ dqg v0srodul}hg VIJ

rxwsxw dw $r/ 4397 qp lqsxw dw $� dqg wxqdeoh lqiuduhg lqsxw dw $2/ uhvshfwlyho|,/ exw

wklv fdq eh h{sodlqhg e| wkh gl�huhqw qrq0uhvrqdqw exon frqwulexwlrqv "
E2�
�cig iru wkh wzr

gl�huhqw jhrphwulhv1 Lq idfw/ zh zhuh deoh wr �w doo wkh vshfwud +vkrzq e| wkh vrolg olqhv lq

Ilj1 715, xvlqj Htv1 +71:, dqg +7143, zlwk wkh vdph vhw ri D^/ $^ dqg �^ ydoxhv dqg gl�huhqw

qrquhvrqdqw frqwulexwlrqv "�+|L|cig / dv olvwhg lq Wdeohv 716 dqg 7171 Wkh w|slfdo uhodwlyh huuru

ri wkh ghgxfhg D^ ru �E2� lq VIJ lv derxw 43(1 Wkh forvh �w lq Ilj1 715 lqglfdwhv wkdw

VIJ vshfwud lq uh�hfwlrq dqg wudqvplvvlrq iurp wkh RWV prqrod|hu duh lqghhg yhu| zhoo

fruuhodwhg1

Zlwk wkh ydoxhv ri "�+|L|cig lq erwk uh�hfwlrq dqg wudqvplvvlrq/ zh frxog ixuwkhu

ghgxfh "�+5cig dqg "�+�cig 1 Khuh zh wdnh wkh vsv srodul}dwlrq frpelqdwlrq dv dq h{dpsoh1
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Iljxuh 715= VIJ vshfwud ri dq RWV prqrod|hu rq ixvhg vlolfd1 Srlqwv duh h{shulphqw gdwd

dqg wkh fxuyhv duh wkhruhwlfdo �wv1
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Iurp Htv1 +719, dqg +71<,/ zh kdyh

"
E2�
5cig+vsv, @ O+++$r,hr+"

E2�
5c+5+O55+$�,h�5O+++$2,h2+ >

"
E2�
�cig+vsv, @

O+++$r,hr+O+++$2,h2+

n�

r5 � n�

�5 � n�

25

^"
E2�
�c+5+O55+$�,h�5 . "

E2�
�c+%+O%%+$�,h�%` = +7144,

Khuh/ zh kdyh wzr qrqydqlvklqj frpsrqhqwv/ "
E2�
�c+5+ dqg "

E2�
�c+%+/ frqwulexwlqj wr wkh exon

whup ehfdxvh/ dv vkrzq e| Ht1 +718,/ �
E2�
� ghshqgv olqhduo| rq wkh zdyhyhfwruv n�

� dqg n
�

2/

zklfk euhdn wkh lqyhuvlrq v|pphwu| dorqj wkh { dqg } d{hv1 Htv1 +7144, dqg +7144, duh

ydolg iru erwk uhvrqdqw dqg qrquhvrqdqw frqwulexwlrqv1 Rqo| wzr sdudphwhuv duh gl�huhqw

iru wkh uh�hfwlrq dqg wudqvplvvlrq jhrphwulhv1 Rqh lv O+++$r,hr+/ zklfk fdq eh irxqg lq

Wdeoh 715/ dqg wkh rwkhu lv �
�&�

r5
3&�

�5
3&�

25
�
/ zklfk lv htxdo wr 7< qp dqg :53 qp iru uh�hfwlrq

dqg wudqvplvvlrq/ uhvshfwlyho|1 Lqvhuwlqj wkhvh ydoxhv lq Htv1 +7144, dqg +7144, zh �qg

"
E2�
|L|cig+vsv>U, @ "

E2�
5cig+vsv>U, . "

E2�
�cig+vsv>U,

@ =85i"
E2�
5c+5+O55+$�,h�5 . 7<qp

k
"
E2�
�c+5+O55+$�,h�5 . "

E2�
�c+%+O%%+$�,h�%

l
j>

+7145,

"
E2�
|L|cig+vsv>W, @ "

E2�
5cig+vsv>W, . "

E2�
�cig+vsv>W,

@ =95i"
E2�
5c+5+O55+$�,h�5 � :53qp

k
"
E2�
�c+5+O55+$�,h�5 . "

E2�
�c+%+O%%+$�,h�%

l
j>

+7146,

zklfk duh djdlq ydolg iru erwk uhvrqdqw dqg qrquhvrqdqw frqwulexwlrqv1 Wkxv nqrzlqj wkh

ydoxhv ri "�+|L|cig+vsv>U, dqg "�+|L|cig+vsv>W, olvwhg lq Wdeoh 717/ zh frxog vroyh Htv1 +7145, dqg

+7146, dqg rewdlq wkh vxuidfh dqg exon frqwulexwlrqv "�+5cig+vsv, dqg "�+�cig+vsv, vhsdudwho|1

Wkhlu ydoxhv duh dovr olvwhg lq Wdeoh 7171
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Wdeoh 717= Wkh qrquhvrqdqw edfnjurxqg rewdlqhg iurp �wwlqj ri wkh VIJ vshfwud ri RWV

lq wkh xqlw ri 43322p2Y3�1

Uh�hfwlrq Wudqvplvvlrq

"
�+

|L|cig
+vvs, 0617 51;

"
�+

|L|cig
+sss, 0519 031:

"
�+

|L|cig
+vsv, 0615 43

"
�+

5cig
+vsv, 0517 06

"
�+

�cig
+vsv, 031; 46

e�e�2 �L*)i|�)*i?i �*4

Zh kdyh dovr phdvxuhg wkh uh�hfwhg dqg wudqvplwwhg VIJ lq wkh F0K vwuhwfk

uhjlrq iurp d wklq �op ri sro|hwk|ohqh rq d ixvhg vlolfd sodwh1 Wkh prohfxodu vwuxfwxuh ri

sro|hwk|ohqh lv vkrzq lq wkh lqvhw ri Ilj1 7161 Wkh uh�hfwhg VIJ vshfwud zhuh uhsruwhg lq

dq hduolhu vwxg|/ dqg wkh| zhuh irxqg wr eh grplqdwhg e| wkh vxuidfh frqwulexwlrq ^43<`1

Zlwk wudqvplwwhg VIJ/ zh fdq ghwhuplqh wkh exon frqwulexwlrq pruh txdqwlwdwlyho|1

Wkh sro|hwk|ohqh vdpsoh xvhg lq wklv h{shulphqw zdv suhsduhg rq d ixvhg vlolfd

vxevwudwh xvlqj wkh iroorzlqj whfkqltxh1 D judlq ri orz ghqvlw| sro|hwk|ohqh zdv vdqgzlfkhg

ehwzhhq ixvhg vlolfd dqg vrglxp fkorulgh zlqgrzv1 Lw zdv khdwhg xqwlo lw frpsohwho| phowhg1

Wkhq lw zdv vtxhh}hg ehwzhhq wkh wzr zlqgrzv wr irup d 4330533 �p wklfn �op1 Wkh

_vdqgzlfk% zdv wkhq frrohg wr urrp whpshudwxuh dqg lpphuvhg lq glvwloohg zdwhu1 Gxh

wr glvvroxwlrq/ wkh QdFo zlqgrz zdv vhsdudwhg iurp wkh �op/ dqg d vprrwk sro|hwk|ohqh

vxuidfh vxlwdeoh iru rswlfdo phdvxuhphqwv dsshduhg1 Wkh �op wklfnqhvv zdv vx�flhqw wr

devrue prvw ri wkh lqiuduhg hqhuj| wr suhyhqw wkh sro|phu2vlolfd lqwhuidfh iurp frqwulexwlqj

wr VIJ1 Wkhuhiruh wkh VIJ vljqdo zh phdvxuhg pxvw kdyh frph iurp wkh dlu2sro|phu

lqwhuidfh dqg wkh qhljkerulqj sro|phu exon zlwklq wkh lqiuduhg devruswlrq ohqjwk1

Ilj1 716 glvsod|v wkh VIJ vshfwud ri sro|hwk|ohqh iru wkh vvs dqg vsv srodul}dwlrq
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Iljxuh 716= VIJ vshfwud ri d sro|hwk|ohqh �op rq ixvhg vlolfd1 Wkh vrolg fxuyhv duh wkhr0

uhwlfdo �wv1



43:

frpelqdwlrqv1 Zkloh wkh uh�hfwlrq VIJ vshfwud duh hvvhqwldoo| wkh vdph dv wkrvh sxeolvkhg

lq Uhi1 ^43<`/ wkh wudqvplvvlrq VIJ vshfwud duh yhu| gl�huhqw dqg fdq eh h{sodlqhg rqo| e|

wkh h{lvwhqfh ri wkh exon frqwulexwlrq1 Wkh vshfwud vkrz pdlqo| wkuhh yleudwlrqdo prghv dw

5;83 fp3�/ 5;;7 fp3� dqg 5<59 fp3�1 Wkh| fdq eh dvvljqhg wr wkh v|pphwulf FK2/ Udpdq0

dfwlyh dqwlv|pphwulf FK2 dqg LU0dfwlyh dqwlv|pphwulf FK2 vwuhwfk yleudwlrqv/ uhvshfwlyho|

^43</ 443/ 444`1 Rqh uhpdundeoh ihdwxuh lv wkdw wkh Udpdq0dfwlyh dqwlv|pphwulf FK2 vwuhwfk

prgh dsshduv lq wkh wudqvplwwhg VIJ vshfwud exw qrw lq wkh uh�hfwhg VIJ vshfwud1 Ehlqj

Udpdq0dfwlyh dqg lqiuduhg0iruelgghq/ wklv yleudwlrqdo prgh fdq rqo| eh h{flwhg e| wkh

lqiuduhg �hog yld hohfwulf0txdguxsroh h{flwdwlrq dqg wkhuhiruh vkrzv xs rqo| lq wkh exon

frqwulexwlrq wr VIJ1

Wkh vljql�fdqwo| vwurqjhu VIJ vljqdo lq wkh wudqvplwwhg gluhfwlrq lv gxh wr d orqjhu

frkhuhqfh ohqjwk oS wkdw hqkdqfhv wkh exon frqwulexwlrq wkurxjk wkh �
E2�
� whup lq Ht1 +719,1

Iurp wkh phdvxuhg vshfwud zh fdq rewdlq d urxjk hvwlpdwh ri �
E2�
� 1 Khuh zh frqvlghu wkh

FK2 v|pphwulf vwuhwfk prgh lq wkh vsv srodul}dwlrq frpelqdwlrq/ zklfk dsshduv wr eh

wkh vwurqjhvw shdn lq wkh wudqvplwwhg VIJ vshfwuxp1 Vlqfh sro|hwk|ohqh kdv d uhiudfwlyh

lqgh{ +�418, yhu| forvh wr wkdw ri ixvhg txduw}/ zh fdq vwloo xvh Htv1 +7145, dqg +7146, dv

d jrrg dssur{lpdwlrq ehfdxvh wkh Iuhvqho idfwruv dqg wkh frkhuhqfh ohqjwk lq Htv1 +7144,

dqg +7144, duh qrw yhu| vhqvlwlyh wr wkh uhiudfwlyh lqgh{1 Iru h{dpsoh/ ydu|lqj q iurp 4178

wr 4193 rqo| fkdqjhv O+++$r>U, lq Wdeoh 715 iurp 31;3 wr 31:8 1

Iurp Ilj1 716 zh �qg wkdw dw wkh shdn ri wkh FK2 v|pphwulf vwuhwfk prgh/

m"
E2�
|L|cig+vsv>W,m � 7� 4332�p2Y3�

m"
E2�
|L|cig+vsv>U,m � 3



43;

E| vroylqj Htv1 +7145, dqg +7146,/ zh rewdlq wkh h�hfwlyh exon frqwulexwlrq lq wkh uh�hfwlrq

gluhfwlrq

m"
E2�
�cig+vsv>U,m � 6� 43322p2Y3�

zklfk lv rqh rughu ri pdjqlwxgh vpdoohu wkdq d w|slfdo vxuidfh glsroh frqwulexwlrq m"
E2�
5cig+U,m

rq d yleudwlrqdo uhvrqdqfh1 Wklv lqglfdwhv wkdw lq wkh uh�hfwhg VIJ iurp sro|hwk|ohqh/ wkh

exon frqwulexwlrq lv lqghhg qhjoljleoh1

Wkh deryh ydoxh ri m"
E2�
�cig+U,m vxjjhvwv wkdw zlwk wkh uh�hfwlrq jhrphwu| wkh exon

frqwulexwlrq lv xvxdoo| qhjoljleoh dv orqj dv wkh VIJ vljqdo lv uhdvrqdeo| vwurqj +l1h1/

m"
E2�
|L|cig+U,m  6 � 43322p2Y3�,1 Wklv mxvwl�hv wkh dvvxpswlrq lq pdq| fdvhv wkdw wkh

uh�hfwhg VIJ vshfwud duh grplqdwhg e| vxuidfh frqwulexwlrq dqg fdq eh xvhg wr sureh

vxuidfh vwuxfwxuh1

e�e�� 5�*�U@%�@|ih �?|ihu@Ui

Wkh ixvhg vlolfd2zdwhu lqwhuidfh kdv ehhq xvhg wr vwxg| wkh qdwxuh ri k|gurjhq

erqglqj lq zdwhu zlwk VIJ ^75`1 E| ydu|lqj wkh sK ydoxh ri zdwhu/ dq hohfwulf �hog0

lqgxfhg rughulqj lq wkh k|gurjhq erqglqj qhwzrun dw wkh lqwhuidfh zdv revhuyhg1 Wkh

exon frqwulexwlrq lq wklv vwxg| zdv dovr qhjohfwhg1 Dv lq wkh fdvh ri sro|hwk|ohqh/ zh fdq

ghwhuplqh wkh exon frqwulexwlrq pruh txdqwlwdwlyho| zlwk wkh wudqvplwwhg jhrphwu|1

Iru wklv h{shulphqw/ d zdwhu fhoo zdv frqvwuxfwhg zlwk wzr ixvhg txduw} zlqgrzv

+LU judgh, zlwk d od|hu ri zdwhu lq ehwzhhq vhdohg zlwk d Wh�rq vsdfhu1 Wkh zdwhu od|hu zdv

derxw 833 �p wklfn/ hqrxjk wr devrue doo wkh lqiuduhg lqsxw hqhuj| wr suhyhqw VIJ iurp

wkh erwwrp lqwhuidfh1 Wzr vdpsohv zhuh xvhg1 Rqh kdv ghlrql}hg zdwhu zlwk d sK ydoxh
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orzhu wkdq : gxh wr xqlqwhqwlrqdoo| glvvroyhg fduerq glr{lgh iurp dlu1 Wkh rwkhu rqh kdv

d gloxwh dpprqld0zdwhu vroxwlrq zlwk sK @ 44=4 dw urrp whpshudwxuh1 Wkh VIJ vshfwud

vkrzq lq Ilj1 717 zhuh wdnhq lq erwk uh�hfwlrq dqg wudqvplvvlrq jhrphwulhv1

Wkh vshfwud rewdlqhg zlwk wkh uh�hfwlrq jhrphwu| duh vlplodu wr wkrvh lq Uhi1 ^75`1

Wkh vshfwud rewdlqhg zlwk wkh wudqvplvvlrq jhrphwu| duh gl�huhqw gxh wr qrq0qhjoljleoh

exon frqwulexwlrq lq wudqvplvvlrq1 Dv lq wkh fdvh ri sro|hwk|ohqh/ wkh gl�huhqfh lq wkh

VIJ vshfwud zlwk uh�hfwlrq dqg wudqvplvvlrq jhrphwulhv doorzv xv wr rewdlq dq hvwlpdwh

ri "
E2�
�cig+vvs,1 Iru wklv zh fdofxodwhg wkh Iuhvqho idfwruv dqg wkh frkhuhqfh ohqjwkv iru wkh

wzr jhrphwulhv dw wkh lqiuduhg iuhtxhqf| $2@+5�f, @6533 fp3�/ iurp zklfk zh rewdlqhg

wkh iroorzlqj htxdwlrqv vlplodu wr Htv1 +7145, dqg +7146,

"
E2�
|L|cig+vvs>U, @ "

E2�
5cig+vvs>U, . "

E2�
�cig+vvs>U,

@ =97i"
E2�
5c++5

O55+$2,h25 . 85qp
k
"
E2�
�c++5

O55+$2,h25 . "
E2�
�c++%

O%%+$2,h2%

l
j>

+7147,

"
E2�
|L|cig+vvs>W, @ "

E2�
5cig+vvs>W, . "

E2�
�cig+vvs>W,

@ =94i"
E2�
5c++5O55+$2,h25 � <38qp

k
"
E2�
�c++5

O55+$2,h25 . "
E2�
�c++%

O%%+$2,h2%

l
j=

+7148,

Iurp wkh vshfwud lq Ilj1 717+d, zh �qg wkdw dw 6533 fp3�/

m"
E2�
|L|cig+vvs>U,m � 4=4� 4332�p2Y3� >

m"
E2�
|L|cig+vvs>W,m � 5=3� 4332�p2Y3� =

Vroylqj Htv1 +7147, dqg +7148, zlwk wkh deryh phdvxuhg ydoxhv ri m"
E2�
|L|cig+vvs>U,m dqg
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Iljxuh 717= VIJ vshfwud ri wkh vlolfd2zdwhu lqwhuidfh zlwk uh�hfwlrq dqg wudqvplvvlrq jh0

rphwulhv zlwk +d,orz sK ydoxh gxh wr fduerq glr{lgh glvvroyhg lq zdwhu dqg +e,kljk sK

ydoxh iurp lqwhqwlrqdoo| grshg dpprqld1 Wkh srodul}dwlrq frpelqdwlrq zdv vvs/ dqg wkh

whpshudwxuh zdv 57�F1
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m"
E2�
|L|cig+vvs>W,m wkhq |lhogv wkh h�hfwlyh exon frqwulexwlrq lq wkh uh�hfwlrq gluhfwlrq

m"
E2�
�cig+vvs>U,m @ +4=4	 3=9,� 43322p2Y3� =

Lq vslwh ri wkh uhodwlyho| odujh huuru gxh wr wkh xqfhuwdlqw| ri wkh uhodwlyh vljq ehwzhhq

m"
E2�
|L|cig+vvs>U,m dqg m"

E2�
|L|cig+vvs>W,m/ wkh deryh ydoxh ri m"

E2�
�cig+vvs>U,m uhpdlqv rqh rughu ri

pdjqlwxgh vpdoohu wkdq wkh vxuidfh frqwulexwlrq m"
E2�
5cig+vvs>U,m1 Dv lq wkh fdvh ri sro|hwk|0

ohqh/ wkh exon frqwulexwlrq lq wkh uh�hfwlrq gluhfwlrq iru wkh vlolfd2zdwhu lqwhuidfh lv dovr

qhjoljleoh1

e�D �L?U*�t�L?

Zh kdyh ghyhorshg d vfkhph wr phdvxuh erwk uh�hfwhg dqg wudqvplwwhg VIJ

vshfwud iurp wkh vdph vdpsoh dqg xvhg wkhp wr hvwlpdwh wkh uhodwlyh frqwulexwlrqv ri

wkh vxuidfh dqg exon wr VIJ1 Phdvxuhphqwv rq dq RWV prqrod|hu dgvruehg rq ixvhg

vlolfd vkrzhg wkdw wkh uh�hfwhg dqg wudqvplwwhg vshfwud ruljlqdwlqj iurp wkh prqrod|hu duh

zhoo fruuhodwhg/ zkloh wkh qrquhvrqdqw edfnjurxqg uhvxowlqj iurp wkh exon frqwulexwlrq ri

wkh vxevwudwh lv vljql�fdqw rqo| lq wkh wudqvplwwhg vshfwud1 Wkdw wkh exon frqwulexwlrq lv

lpsruwdqw rqo| iru wudqvplwwhg VIJ lv dovr wuxh lq wkh fdvhv ri sro|hwk|ohqh dqg vlolfd2zdwhu1

Hyhq wkrxjk wkh exon frqwulexwlrq lv vljql�fdqw dqg hdvlo| ghwhfwhg lq wkh wudqvplwwhg

VIJ/ rxu uhvxowv vxjjhvw wkdw wkh exon frqwulexwlrq wr wkh uh�hfwhg VIJ vshfwud lv xvxdoo|

qhjoljleoh1
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��@T|ih D

�L|�L?@* igiU| �? t�4�uhi^�i?U)

��Mh@|�L?@* tTiU|hLtULT)

D�� W?|hL_�U|�L?

Vxuidfh yleudwlrqdo vshfwurvfrs| lv kljko| vxuidfh0vshfl�f dqg vhqvlwlyh lq phgld

zlwk lqyhuvlrq v|pphwu|1 Zlwk ydulrxv lqsxw2rxwsxw srodul}dwlrq frpelqdwlrqv/ wkh VIJ

yleudwlrqdo vshfwud fdq |lhog ghwdlohg lqirupdwlrq derxw rulhqwdwlrqdo glvwulexwlrqv ri vh0

ohfwhg dwrplf jurxsv dw d vxuidfh ru lqwhuidfh ^</ 88/ 93`1 Lq doo txdqwlwdwlyh VIJ vwxglhv

uhsruwhg vr idu/ wkh h�hfwv ri urwdwlrqdo ru oleudwlrqdo prwlrq ri prohfxohv rq wkhlu yleud0

wlrqdo vshfwud kdyh ehhq qhjohfwhg1 Wklv/ krzhyhu/ pd| qrw eh d jrrg dssur{lpdwlrq li

wkh prohfxohv pryh udslgo|1 Lq wkh odwwhu fdvh/ wzr w|shv ri h�hfwv fdq eh hqylvlrqhg1 Rqh

lv wkh zhoo nqrzq prwlrqdo qduurzlqj h�hfw/ zklfk uhgxfhv wkh lqkrprjhqhrxv olqhzlgwk

ri d yleudwlrqdo uhvrqdqfh ^445`1 Wkh rwkhu lv prwlrqdo dyhudjlqj/ zklfk pd| d�hfw wkh
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vwuhqjwk ri d yleudwlrqdo uhvrqdqfh zlwk d jlyhq lqsxw2rxwsxw srodul}dwlrq frpelqdwlrq1 Lq

wklv fkdswhu zh vkrz wkdw wkh prwlrqdo dyhudjlqj h�hfw rq VIJ vshfwud fdq eh vljql�fdqw

dqg suhvhqw dq h{shulphqwdo fdvh wr ghprqvwudwh wkh h�hfw1

D�2 A�iLh)

Vxuidfh VIJ uhvxowv iurp d vhfrqg0rughu qrqolqhdu srodul}dwlrq SE2� lqgxfhg dw

d vxuidfh ru lqwhuidfh e| wzr lqsxw �hogv H� dqg H2 dw ylvleoh dqg lqiuduhg iuhtxhqflhv/

uhvshfwlyho|1 Lq wkh wlph grpdlq/ zh fdq zulwh

SE2�+w, @ Q5ks
E2�+w,l > +814,

dqg

s
E2�

b +w, @ �l�f
[

^

[

>D

d^cb>DH�>+w,

n"]

f

H2D+w� �,h3�E/^3�K^��g� > +815,

zkhuh Q5 lv wkh vxuidfh ghqvlw| ri prohfxohv> wkh dqjoh eudfnhwv ghqrwh dq hqvhpeoh dyhudjh>

d^cb>D / $^ dqg �^ duh wkh dpsolwxgh/ uhvrqdqw iuhtxhqf| dqg gdpslqj frqvwdqw ri wkh twk

prohfxodu yleudwlrqdo prgh/ uhvshfwlyho|> dqg wkh lqglfhv �> �> � uhihu wr wkh prohfxodu

frruglqdwhv1 Khuh zh dvvxph wkdw wkh ylvleoh lqsxw lv idu iurp uhvrqdqfh1 Zh dovr qhjohfw

lqkrprjhqhrxv eurdghqlqj dqg qrquhvrqdqw frqwulexwlrqv lq rxu glvfxvvlrq1 Wkh iuhtxhqf|

grpdlq h{suhvvlrq ri Ht1 +815, lv

�s
E2�

b +$r, @ �f
[
^

[
>D

n"]

3"

g$�

n"]

3"

g$2�+$r � $� � $2,
d^cb>D

$2 � $^ . l�^

�H�>+$�, �H2D+$2, >

+816,
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zkhuh �s
E2�
b +$r,/ �H�>+$�,/ dqg �H2D+$2, duh wkh Irxulhu lqwhjudov ri s

E2�
b +w,/ H�>+w,/ dqg H2D+w,/

uhvshfwlyho|1 Iru h{dpsoh/

�s
E2�
b +$r, @

4

5�

n"]

3"

s
E2�
b +w,h�/r|gw = +817,

Iru vlpsolflw|/ lq Ht1 +815, zh kdyh gursshg wkh frpsoh{ frqmxjdwh whup/ zklfk/ zkhq

dgghg/ zrxog frqwulexwh wr Ht1 +816, dq h{wud whup �

@^cb>D
/2 n /^ n �K^

1 Krzhyhu/ lw kdv qr

vljql�fdqw h�hfw rq rxu uhvxowv1

Wudqviruphg lqwr wkh ode frruglqdwhv l> m> n/ Ht1 +815, ehfrphv

s
E2�
� +w, @ �l�f

[
^

[
�&

[
b>D

d^cb>DH��+w,G�b+w,G�>+w,

n"]

f

G&D+w� �,H2&+w� �,h3�E/^3�K^��g� =

+818,

Khuh G,1+w, @ ao � a�+w, lv d wlph0ghshqghqw gluhfwlrq frvlqh pdwul{ zlwk o @ l> m> n dqg � @

�> �> �/ dvvxplqj wkdw wkh prohfxodu rulhqwdwlrq ydulhv zlwk wlph1 Irxulhu wudqvirupdwlrq

lqwr wkh iuhtxhqf| grpdlq jlyhv

�s
E2�
� +$r, @

�f

5�

[
^

[
�&

[
b>D

n"]

3"

gw

n"]

3"

g$�

n"]

3"

g$2d^cb>D

�
b>D
^c��&+$2> w,

�H��+$�, �H2&+$2,h
�E/r3/�3/2�| > +819,

zkhuh

�
b>D
^c��&+$2> w, @ �lG�b+w,G�>+w,

n"]

f

G&D+w� �,h�E/23/^n�K^��g� = +81:,

Wkhq/ zlwk Htv1 +819, dqg +81:, dqg wkh uhodwlrq

�S
E2�
� +$r, @ Q5k�s

E2�
� +$r,l

@ �f
[
�&

n"]

3"

g$�

n"]

3"

g$2�+$r � $� � $2,"
E2�
��&+$2,

�H��+$�, �H2&+$2, +81;,
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gh�qlqj wkh vxuidfh qrqolqhdu vxvfhswlelolw| "
E2�
��&+$2,/ zh �qg

"
E2�
��&+$2, @ Q5

[

^

[

b>D

d^cb>Dk�
b>D
^c��&+$2,l = +81<,

Ehlqj dq hqvhpeoh dyhudjh/ k� b>D
^c��&+$2,l lq Ht1 +81<, lv wlph0lqghshqghqw1

Li wkh prohfxodu rulhqwdwlrqv duh �{hg lq wlph/ wkhq

� b>D
^c��&+$2, @

4

$2 � $^ . l�^

G�bG�>G&D > +8143,

zklfk ohdgv wr

"
E2�
��&+$2, @ Q5

[

^

[

b>D

d^cb>D

$2 � $^ . l�^

kG�bG�>G&Dl =

+8144,

Htxdwlrq +8144, lv wkh h{suhvvlrq wkdw kdv ehhq frpprqo| xvhg iru wkh dqdo|vlv

^</ 88/ 93/ 446` dqg vlpxodwlrq ^79` ri VIJ yleudwlrqdo vshfwud1 Dv wkh ghulydwlrq vkrzv/

krzhyhu/ Ht1 +8144, lv qrw qhfhvvdulo| fruuhfw li G,1+w, ydulhv lq wlph1 Lw lv vwloo d jrrg

dssur{lpdwlrq/ wkrxjk/ li G,1+w, ydulhv pxfk pruh vorzo| wkdq wkh yleudwlrqdo uhod{dwlrq

wlph 4@�^ +wkh vorz0prwlrq olplw,1 Lq wkh rwkhu h{wuhph/ krzhyhu/ li wkh prohfxodu rulhqwd0

wlrq �xfwxdwhv yhu| udslgo| durxqg wkh dyhudjh rulhqwdwlrq zlwklq wkh wlph vfdoh 4@�^ +wkh

udslg0prwlrq olplw,/ zlwk

�l

n"]

f

G&D+w� �,h�E/23/^n�K^��g� �
4

$2 � $^ . l�^

kG&D+w,l +8145,

dqg wkh htxlydohqfh ri whpsrudo dqg hqvhpeoh dyhudjhv/ zh �qg

k� b>D
^c��& +$2,l �

4

$2 � $^ . l�^

kG�bG�>lkG&Dl > +8146,
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dqg

"
E2�
��&+$2, � Q5

[

^

[

b>D

d^cb>D

$2 � $^ . l�^

kG�bG�>lkG&Dl =

+8147,

Wklv lv reylrxvo| gl�huhqw iurp Ht1 +8144,1 Iru wkh lqwhuphgldwh fdvh ehwzhhq wkh wzr

olplwv/ zh pxvw uhihu wr wkh pruh jhqhudo h{suhvvlrq iru "
E2�
��&+$2, ^Ht1 +81<,`1

Wkh rulhqwdwlrqdo �xfwxdwlrqv ri prohfxohv ri oltxlgv pd| rffxu rq d vxeslfrvhfrqg

wlph vfdoh ^447/ 448/ 449` dqg wkhuhiruh frxog kdyh dq revhuydeoh h�hfw rq wkh VIJ vxuidfh

yleudwlrqdo vshfwud1 Zh wdnh wkh iuhh +ru gdqjolqj, RK erqgv dw wkh ydsru2zdwhu lqwhuidfh

dv dq h{dpsoh1 Wkh iuhh RK vwuhwfk prgh dsshduv dv d vkdus shdn dw �6:33 fp3� lq wkh

VIJ vshfwud ^74`1 Wr vhh krz wkh VIJ vshfwud fdq eh d�hfwhg e| wkh RK rulhqwdwlrqdo

�xfwxdwlrq/ zklfk pd| rffxu udslgo| ryhu d odujh vrolg dqjoh/ zh fdofxodwh wkh uhvrqdqw

prgh dpsolwxghv iru gl�huhqw srodul}dwlrq frpelqdwlrqv lq erwk vorz0 dqg udslg0prwlrq

olplwv1 Dv vhhq iurp Htv1 +8144, dqg +8147,/ wkh prgh dpsolwxghv duh jlyhq e|

D^c��& @ Q5

[

b>D

d^cb>DkG�bG�>G&Dl +8148,

iru wkh vorz0prwlrq olplw/ dqg

D^c��& @ Q5

[

b>D

d^cb>DkG�bG�>lkG&Dl +8149,

iru wkh udslg0prwlrq olplw1 Dv lq Fkds1 5/ zh dvvxph wkh rqo| qrqydqlvklqj hohphqwv

ri d^cb>D iru d iuhh RK erqg duh dlll dqg d11l @ d##l / zkhuh a� lv dorqj wkh RK erqg

gluhfwlrq dqg a� dqg a� duh shushqglfxodu wr a�1 Iurp Udpdq phdvxuhphqwv lw zdv irxqg wkdw

d11l @ 3=65dlll ^74/ 7;`1 Wr fdofxodwh wkh hqvhpeoh dyhudjhv/ zh dvvxph iru wkh iuhh RK
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erqgv dw wkh lqwhuidfh d vwhs ixqfwlrq rulhqwdwlrqdo glvwulexwlrq

i+�, @ frqvwdqw iru 3 � � � �� >

i+�, @ 3 iru � A �� =

lq wkh erqg wlow dqjoh � iurp wkh vxuidfh qrupdo a} +wkh d}lpxwkdo glvwulexwlrq lv lvrwurslf,1

Zh frxog dovr dvvxph i+�, wr wdnh rwkhu irupv +h1j1/ d Jdxvvldq glvwulexwlrq, zlwkrxw

fkdqjlqj rxu jhqhudo frqfoxvlrq1

Wkh VIJ rxwsxw iurp d vxuidfh lv sursruwlrqdo wr wkh vtxduh ri wkh h�hfwlyh vxuidfh

qrqolqhdu vxvfhswlelolw| ^<`

"
E2�
ig +$2, @

[

^

D^cig

$2 � $^ . l�^

> +814:,

zlwk

D^cig @ ^O+$r, � ahr` �D^ = ^O+$�, � ah�`^O+$2, � ah2` > +814;,

zkhuh ah� lv wkh xqlw srodul}dwlrq yhfwru ri wkh �hog dw $� dqg O+$�, lv wkh whqvruldo Iuhvqho

idfwru +Dsshqgl{ E,1 Wkh ydoxhv ri wkh Iuhvqho idfwruv duh olvwhg lq Wdeoh 8141 Wkh glhohfwulf

frqvwdqw ri wkh vxuidfh prqrod|hu ��+$�, lq Wdeoh 814 lv dq xqnqrzq sdudphwhu1 Wkh sk|vlfdo

lpsolfdwlrq ri �� lv glvfxvvhg lq Dsshqgl{ F1 Iru wkh ydsru2zdwhu lqwhuidfh/ zh xvhg ��+$r, @

��+$�, @ 4=64 ghgxfhg iurp rxu VIJ phdvxuhphqw ri wkh ydsru2lfh lqwhuidfh +Fkds1 5,/

zklfk djuhhv yhu| zhoo zlwk wkh hvwlpdwh Ht1 +F19, rewdlqhg iurp wkh prgho suhvhqwhg lq

wkh dsshqgl{ ri Uhi1 ^88`1 Zlwk wkh vdph prgho/ zh rewdlqhg ��+$2, � 4=5 iurp �+$2, � 4=7

iru exon zdwhu dw 6:33 fp3� ^44:`1 Zh fdq wkhq xvh Ht1 +814;, wr fdofxodwh D^cig+ahr> ah�> ah2,

dqg frpsduh zlwk h{shulphqwdoo| ghgxfhg ydoxhv1
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Wdeoh 814= Fdofxodwhg Iuhvqho idfwruv iru wkh ydsru2zdwhu lqwhuidfh1 } lv dorqj wkh vdpsoh

vxuidfh qrupdo/ zlwk wkh {} sodqh ehlqj wkh oljkw lqflghqfh sodqh1 � lv wkh lqflghqfh dqjoh

ri wkh lqsxw ru rxwsxw ehdp1 �� lv wkh h�hfwlyh glhohfwulf frqvwdqw ri wkh vxuidfh prqrod|hu1

$r $� $2
� 777 qp 865 qp 51: �p

q 4167 4167 414;

� 791;� 78� 8:�

O%% 1<8 1<8 4137

O++ 1:9 1:: 1:<

O55 41382��
r

41382��
�

1<92��
2

h%O%% +s, 0199 19: 18:

h+O++ +v, 1:9 1:: 1:<

h5O55 +s, 1:92��
r

1:82��
�

1;32��
2

Zh kdyh fdofxodwhg D^cig iru wkuhh gl�huhqw srodul}dwlrq frpelqdwlrqv vvs +ghqrw0

lqj v0/ v0/ dqg s0srodul}hg vxp0iuhtxhqf| rxwsxw/ ylvleoh lqsxw/ dqg lqiuduhg lqsxw/ uhvshf0

wlyho|,/ sss/ dqg vsv lq erwk vorz0 dqg udslg0prwlrq olplwv1 Wkh uhvxowv dv ixqfwlrqv ri ��

duh suhvhqwhg lq Ilj1 8141 Iru vvs dqg sss/ wkh gl�huhqfh ehwzhhq wkh wzr olplwv lv dssuhfld0

eoh rqo| dw odujh ��/ zklfk lv xqghuvwdqgdeoh ehfdxvh wkh prwlrqdo h�hfw lv lpsruwdqw rqo|

li wkh prwlrq fryhuv d yhu| eurdg udqjh1 Iru D^cig+vsv,/ lw ydqlvkhv lq wkh udslg0prwlrq

olplw iru doo �� ehfdxvh/ iurp Htv1 +8149, dqg +814;,/ D^cig+vsv, 2 D^c+5+ 2 ka| � a�l @ 3/ vlqfh

ka�l lv dorqj wkh vxuidfh qrupdo a}1 Rq wkh rwkhu kdqg/ lq wkh vorz0prwlrq olplw/ D^cig+vsv,

frqwdlqv whupv sursruwlrqdo wr k+a| � a�,+a} � a�,+a| � a�,l dqg k+a| � a�,+a} � a�,+a| � a�,l wkdw gr qrw ydqlvk

iru �qlwh ��1

D�� , Tih�4i?|

Zh kdyh rewdlqhg h{shulphqwdoo| wkh VIJ vshfwud iurp wkh ydsru2zdwhu lqwhuidfh

zlwk wkh srodul}dwlrq frpelqdwlrqv vshfl�hg deryh1 Wkh h{shulphqwdo vhwxs kdv ehhq gh0



44<

0 15 30 45 60 75 90

0.0

0.2

0.4

0.6

0.8

1.0

1.2

ppp

sps

ssp

A
q,

ef
f  

 (
 a

rb
. 

un
its

 )

θ
M
 (degree)

Iljxuh 814= Wkhruhwlfdo suhglfwlrq ri wkh prgh dpsolwxghv D^cig iru wkh iuhh RK erqgv rq

wkh zdwhu vxuidfh1 Wkh vrolg olqhv duh fdofxodwhg iru wkh vorz0prwlrq olplw/ dqg wkh gdvkhg

olqhv duh iru wkh udslg0prwlrq olplw1 Doo ydoxhv duh qrupdol}hg zlwk uhvshfw wr D^cig+vvs, dw

�� @ 31
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Wdeoh 815= Sdudphwhuv xvhg wr �w wkh vvs VIJ vshfwuxp ri wkh ydsru2zdwhu lqwhuidfh1 Wkh

qrq0uhvrqdqw edfnjurxqg zdv "
E2�
�+cig+vvs, @ 4=5� 43322 p2Y3�1

Prgh $^@+5�f, �^@+5�f, D^cig+vvs,

Erqghg RK 633; fp3� 43; fp3� 051:�433b p2Y3�vhf3�

Erqghg RK 64:4 fp3� 44; fp3� 0<19�433b p2Y3�vhf3�

Erqghg RK 6747 fp3� 444 fp3� 4318�433b p2Y3�vhf3�

Iuhh RK 69<; fp3� 4718 fp3� 41:3�433b p2Y3�vhf3�

vfulehg lq Vhf1 4151 Wkh phdvxuhg vshfwud duh ghslfwhg lq Ilj1 8151 Wkh VIJ lqwhqvlwlhv

kdyh ehhq fdoleudwhg zlwk d uhihuhqfh }0fxw txduw} fu|vwdo +Vhf1 41615,/ |lhoglqj wkh vshfwud

ri m"
E2�
ig +$2,m

2 lq PNV xqlwv1 Wkh vrolg fxuyhv duh �wv xvlqj Ht1 +814:, zlwk wkh dgglwlrq ri d

qrquhvrqdqw frqwulexwlrq wr "
E2�
ig 1 Wkh �wwlqj sdudphwhuv xvhg khuh wr �w wkh vvs vshfwuxp

duh suhvhqwhg lq Wdeoh 8151 Wkh| duh vrphzkdw gl�huhqw iurp wkrvh lq Uhi1 ^74`1 Wkh wzr

eurdg shdnv dw � 6533 fp3� dqg � 6733 fp3� lq wkh vvs vshfwuxp kdyh ehhq dvvljqhg wr

wkh pruh rughuhg dqg ohvv rughuhg k|gurjhq0erqghg RK vwuhwfk prghv/ uhvshfwlyho| ^75`1

Wkh uhvrqdqw ihdwxuh dw 6833 � 6933 fp3� lq wkh sss dqg vsv srodul}dwlrq frpelqdwlrqv/

zklfk kdv qrw ehhq uhsruwhg ehiruh iru wkh ydsru2zdwhu lqwhuidfh/ lv suhvxpdeo| dvvrfldwhg

zlwk RK erqgv wkdw duh rqo| zhdno| shuwxuehg e| k|gurjhq0erqglqj wr qhljkeruv1 Khuh/

rxu irfxv lv rq wkh iuhh RK erqgv rqo|1

Wkh iuhh RK vwuhwfk prgh dsshduv dw $^@+5�f, @ 69<; fp3�/ zlwk �^@+5�f, @

47=8 fp3� +lqfoxglqj wkh �qlwh lqiuduhg olqhzlgwk, dqg wkh iroorzlqj prgh dpsolwxghv

D^cig+vvs, @ 4=:3	 3=48� 433b p2Y3�vhf3� >

D^cig+sss, @ 7=;	 3=8� 433�f p2Y3�vhf3� >

D^cig+vsv, @ <	 6� 433�� p2Y3�vhf3� =
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Iljxuh 815= Iuhh RK VIJ vshfwud ri wkh zdwhu vxuidfh dw 53�F zlwk wkuhh gl�huhqw srodu0

l}dwlrq frpelqdwlrqv vvs/ sss/ dqg vsv1
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Wr frpsduh wkh wkhru| zlwk h{shulphqw/ zh qrwlfh wkdw iurp wkh h{shulphqw/

D^cig+vvs, = D^cig+sss, = D^cig+vsv,

@ 4 = 3=5;	 3=37 = 3=38	 3=35 =

Wklv grhv qrw djuhh zlwk wkh udwlr iru dq| ydoxh ri �� rewdlqhg iurp wkh vhw ri fxuyhv iru

wkh vorz0prwlrq olplw lq Ilj1 8141 Lq rwkhu zrugv/ zlwk wkh prwlrqdo h�hfw qhjohfwhg/ zh

fdqqrw �qg d uhdvrqdeoh rulhqwdwlrqdo glvwulexwlrq iru wkh iuhh RK erqgv wr h{sodlq wkh

h{shulphqwdo uhvxowv1 Wkh yhu| vpdoo ydoxh ri D^cig+vsv, lq frpsdulvrq zlwk D^cig+vvs,

dqg D^cig+sss, lqglfdwhv wkdw wkh prwlrqdo h�hfw lv vljql�fdqw dqg wkdw wkh udslg0prwlrq

olplw lv dfwxdoo| d ehwwhu dssur{lpdwlrq1 Wkh wkhruhwlfdo fxuyhv iru wkh udslg0prwlrq olplw

lq Ilj1 814 suhglfw wkdw dq rulhqwdwlrqdo glvwulexwlrq zlwk �� @ 84� vkrxog |lhog d udwlr

D^cig+vvs, = D^cig+sss, = D^cig+vsv, @ 4 = 3=5; = 3/ zklfk pdwfkhv wkh h{shulphqwdo udwlr

ehwwhu wkdq wkh wkhruhwlfdo suhglfwlrq edvhg rq wkh vorz0prwlrq olplw1

Zh qrwh wkdw wkh wkhruhwlfdo uhvxow ghvfulehg khuh grhv qrw ghshqg fulwlfdoo| rq

wkh dvvxpswlrqv pdgh iru d^cb>D / �
�/ dqg i+�,1 Wkh prwlrqdo h�hfw lv odujho| pdqlihvwhg e|

wkh xqh{shfwhgo| zhdn prgh vwuhqjwk lq wkh vsv VIJ vshfwuxp1 Wklv kdv ehhq revhuyhg

rq rwkhu oltxlg vxuidfhv dv zhoo1 Iru h{dpsoh/ wkh devhqfh ri wkh Q0K vwuhwfk prgh lq wkh

vsv VIJ vshfwuxp ri wkh vxuidfh ri dq dpprqld0zdwhu vroxwlrq ^93` frxog dovr eh wkh uhvxow

ri prwlrqdo dyhudjlqj1 Rq wkh rwkhu kdqg/ iru odujhu prohfxohv zlwk vorz rulhqwdwlrqdo

�xfwxdwlrqv/ zh fdq revhuyh uhdvrqdeo| odujh ydoxhv ri D^cig+vsv,1 Rqh vxfk h{dpsoh lv wkh

F0Q vwuhwfk prgh ri shqw|o0f|dqrwhuskhq|o +8FW, prohfxohv rq zdwhu/ iurp zklfk d udwlr

�^cigErRr�

�^cigErrR�
� 3=7 kdv ehhq uhsruwhg ^88`1
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D�e �L?U*�t�L?

Lq vxppdu|/ zh kdyh frqvlghuhg khuh dq h�hfw iurp wkh urwdwlrq ru oleudwlrq ri

prohfxohv rq vxuidfh vxp0iuhtxhqf| yleudwlrqdo vshfwurvfrs|1 Wkh iuhh RK vwuhwfk prgh dw

wkh ydsru2zdwhu lqwhuidfh lv xvhg dv dq h{dpsoh wr looxvwudwh wkh vljql�fdqfh ri wkh h�hfw1

Gl�fxow| lq wkh lqwhusuhwdwlrq ri wkh VIJ vshfwud zrxog dulvh li wkh h�hfw lv qhjohfwhg1 Lq

jhqhudo/ wkh h�hfw ri prwlrqdo dyhudjlqj vkrxog dovr eh revhuydeoh lq lqiuduhg dqg Udpdq

vshfwurvfrs|1
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4<;7, s1:60:91

^:` [1 Zhl/ S1 E1 Pludqgd/ dqg \1 U1 Vkhq/ Sk|v1 Uhy1 Ohww1/ dffhswhg1
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+4<<<,1
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667< +5333,1
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43/ 773 +4;93,1

^46` M1 Z1 P1 Iuhqnhq dqg M1 I1 ydq ghu Yhhq/ Sk|v1 Uhy1 Ohww1 87/ 467 +4<;8,>
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^4<` M1 J1 Gdvk/ K1 Ix/ dqg M1 V1 Zhwwodxihu/ Uhs1 Surj1 Sk|v1 8;/ 448 +4<<8,1
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^<;` G1 ]kdqj/ U1 V1 Zdug/ \1 U1 Vkhq/ dqg J1 D1 Vrprumdl/ M1 Sk|v1 Fkhp1 E 434/ <393

+4<<:,1

^<<` F1 V1 Pxoolq/ S1 Jx|rw0Vlrqqhvw/ dqg \1 U1 Vkhq/ Sk|v1 Uhy1 D 6</ 6:78 +4<;<,1

^433` D1 L1 Nlwdljrurgvnll/ Rujdqlf Fkhplfdo Fu|vwdoorjudsk| +Frqvxowdqwv Exuhdx/ Qhz

\run/ 4<94, s165506561

^434` [1 ]kxdqj/ G1 Zlon/ O1 Pduuxffl/ dqg \1 U1 Vkhq/ Sk|v1 Uhy1 Ohww1 :8/ 5477 +4<<8,1

^435` V1 Nred|dvkl/ dqg \1 Llpxud/ Surf1 VSLH 54:8/ 455 +4<<7,> G10V1 Vhr/ N1 Dud|d/

Q1 \rvklgd/ P1 Qlvklndzd/ \1 \deh/ dqg V1 Nred|dvkl/ Msq1 M1 Dsso1 Sk|v1 67/ O836

+4<<8,1

^436` \1 U1 Vkhq/ Dsso1 Sk|v1 E= Odvhu Rsw1 9;/ 5<8 +4<<<,1

^437` M1 H1 Vlsh/ Y1 Pl}udkl/ dqg J1 L1 Vwhjhpdq/ Sk|v1 Uhy1 E 68/ <3<4 +4<;:,1

^438` S1 Jx|rw0Vlrqqhvw dqg \1 U1 Vkhq/ Sk|v1 Uhy1 E 6;/ :<;8 +4<;;,1
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^439` U1 Vxshu�qh/ M1 \1 Kxdqj/ dqg \1 U1 Vkhq/ Sk|v1 Uhy1 Ohww1 99/ 4399 +4<<4,1

^43:` S1 V1 Shuvkdq/ Sk|v1 Uhy1 463/ <4< +4<96,1

^43;` Vhh/ iru h{dpsoh/ \1 U1 Vkhq/ Wkh Sulqflsohv ri Qrqolqhdu Rswlfv +Mrkq Zloh| ) Vrqv/

Lqf1/ Qhz \run/ 4<;7, Fkds1581

^43<` G1 ]kdqj/ \1 U1 Vkhq/ dqg J1 D1 Vrprumdl/ Fkhp1 Sk|v1 Ohww1 5;4/ 6<7 +4<<:,1

^443` G1 R1 Kxppho/ Sro|phu Vshfwurvfrs| +Yhuodj Fkhplh/ Orqgrq/ 4<:6,1

^444` S1 D1 Ehqwoh| dqg S1 M1 Khqgud/ Vshfwurfklp1 Dfwd D 84/ 5458 +4<<8,1

^445` Vhh/ iru h{dpsoh/ Z1 J1 Urwkvfklog/ M1 Fkhp1 Sk|v1 98/ 788 +4<:9,1

^446` F1 Klurvh/ Q1 Dndpdwvx/ dqg N1 Grphq/ Dssolhg Vshfwurvfrs| 79/ 4384 +4<<5,1

^447` V1 Zrxwhuvhq/ X1 Hpphulfkv/ dqg K1 M1 Ednnhu/ Vflhqfh 5:;/ 98; +4<<:,1

^448` K1 N1 Qlhqkx|v/ U1 D1 ydq Vdqwhq/ dqg K1 M1 Ednnhu/ M1 Fkhp1 Sk|v1 445/ ;7;:

+5333,1

^449` P1 Fkr/ J1 U1 Iohplqj/ V1 Vdlwr/ L1 Rkplqh/ dqg U1 P1 Vwudww/ M1 Fkhp1 Sk|v1 433/

99:5 +4<<7,1

^44:` K1 G1 Grzqlqj dqg G1 Zlooldpv/ M1 Jhrsk|v1 Uhv1 ;3/ 4989 +4<:8,1

^44;` S1 Q1 Exwfkhu dqg G1 Frwwhu/ Wkh Hohphqwv ri Qrqolqhdu Rswlfv +Fdpeulgjh Xqlyhu0

vlw| Suhvv/ Qhz \run/ 4<<3,/ s1581

^44<` S1 Ilvfkhu dqg D1 G1 Exfnlqjkdp/ M1 Rsw1 Vrf1 Dp1 E 48/ 5<84 +4<<;,1
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^453` \1 U1 Vkhq/ Dqqx1 Uhy1 Sk|v1 Fkhp1 73/ 65: +4<;<,1

^454` S1 \h dqg \1 U1 Vkhq/ Sk|v1 Uhy1 E 5;/ 75;; +4<;6,1
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_Wkh qrqolqhdu0rswlfv olwhudwxuh frqwdlqv d wruwxrxv mxpeoh ri lqfrqvlvwhqw gh�ql0

wlrqv% +iurp Uhi ^44;` e| Exwfkhu dqg Frwwhu,1 Gl�huhqw frqyhqwlrqv lq qrqolqhdu rswlfv

duh lqghhg yhu| frqixvlqj dqg gl�fxow wr nhhs wudfn ri1 Wkh sxusrvh ri wklv dsshqgl{ lv wr

foduli| wkh frqyhqwlrqv xvhg lq wklv wkhvlv1

Rqh frqixvlrq/ zklfk lv suredeo| wkh zruvw rqh/ dulvhv iurp shupxwdwlrq ri wkh

lqsxw �hogv1 Ghshqglqj rq wkh frqyhqwlrq/ wkh gh�qlwlrq ri "
E2�
��& fdq kdyh gl�huhqw irupv/

hlwkhu zlwkrxw shupxwdwlrq ri wkh �hogv

S
E2�
� +$r, @

[

�&

"
E2�
��&H�+$�,H&+$2, > +D14,

ru zlwk shupxwdwlrq ri wkh �hogv

S
E2�
� +$r, @

[

�&

"
E2�
��&

^H�+$�,H&+$2, .H�+$2,H&+$�,` = +D15,

Wkh frqyhqwlrq zh kdyh dgrswhg lv Ht1 +D14, zlwk vwulfw rughulqj ri wkh lqsxw iuhtxhqflhv/

l1h1/ $� A $21 Iru vhfrqg0kduprqlf jhqhudwlrq +VKJ, zh fdq vwloo xvh Ht1 +D14, zlwk
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$� @ $21 Krzhyhu/ zlwk rxu frqyhqwlrq/ "
E2�
��& iru VIJ lv wzlfh dv odujh dv lwv ydoxh iru VKJ

dv $� dssurdfkhv $21 Wklv fdq eh hdvlo| h{sodlqhg dv iroorzv1

Vxssrvh zh vklqh rqwr d vdpsoh vxuidfh wzr odvhu ehdpv zlwk wkh vdph iuhtxhqf|

+$� @ $2 @ $, exw gl�huhqw lqflghqfh dqjohv1 Lq sulqflsoh zh vkrxog jhw wkuhh rxwsxw ehdpv

dw 5$/ l1h1/ wkh VKJ ri wkh �uvw ehdp/ wkh VKJ ri wkh vhfrqg ehdp/ dqg wkh VIJ ri wkh wzr1

Wkhvh wkuhh rxwsxw ehdpv zloo sursdjdwh lq gl�huhqw gluhfwlrqv ghshqglqj rq wkh lq0sodqh

skdvh pdwfklqj frqglwlrq1 Zh fdq zulwh grzq wkh h{suhvvlrq iru wkh qrqolqhdu srodul}dwlrq

lqgxfhg e| wkh wzr lqsxw �hogv/

S
E2�
� +5$, @

[

�&

"
E2�
��&+5$, ^H��+$, .H2�+$,` ^H�&+$, .H2&+$,`

@
[

�&

"
E2�
��&+5$, ^H��+$,H�&+$, .H2�+$,H2&+$, . 5H��+$,H2&+$,` = +D16,

Khuh zh kdyh xvhg wkh v|pphwu| "
E2�
��&+5$, @ "

E2�
�&�+5$,1 Qrwh wkh idfwru ri 5 lq wkh furvv whup

zklfk frqwulexwhv wr wkh VIJ ri wkh wzr lqsxw �hogv1 Qrz li zh voljkwo| ghwxqh wkh wzr

lqsxw iuhtxhqflhv +dvvxplqj $� A $2,/ zh h{shfw wkh VIJ vljqdo wr fkdqjh frqwlqxrxvo|/

wkhuhiruh/

S
E2�
� +$� . $2, � 5

[

�&

"
E2�
��&

+5$,H�+$�,H&+$2, = +D17,

Frpsdulqj zlwk Ht1 +D14, zh �qg

"
E2�
��&+$� . $2, � 5"

E2�
��&+5$, = +D18,

Wr dyrlg vxfk d glvfrqwlqxlw| lq "
E2�
��&/ vrphwlphv d N0idfwru +N @ 4 iru VIJ dqg N @ �

2 iru

VKJ ^44;`, ru d j0idfwru +j @ 5 iru VIJ dqg j @ 4 iru VKJ ^8`, lv lqvhuwhg lqwr Ht1 +D14,1

Exw zh kdyh fkrvhq qrw wr gr vr1
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Wr dgg hyhq pruh frqixvlrq/ wkhuh duh wzr gl�huhqw zd|v wr gh�qh H+$, ri d

prqrfkurpdwlf oljkw zdyh/ l1h1/

H+w, @ H+$,h3�/| . f=f= > +D19,

ru

H+w, @
4

5

k
H+$,h3�/| . f=f=

l
= +D1:,

Ghshqglqj rq wkh fkrlfh/ "
E2�
��& pd| gl�hu e| dqrwkhu idfwru ri 51 Zh kdyh fkrvhq Ht1 +D19,

dv wkh frqyhqwlrq iru prvw ri rxu sxeolfdwlrqv1 Wklv h{sodlqv zk| rxu Ht1 +417, gl�huv iurp

wkdw lq Uhi1 ^44<` e| Ilvkhu dqg Exfnlqjkdp/ zkr kdg fkrvhq Ht1 +D1:, dv wkhlu frqyhqwlrq1

Qrwh wkdw zlwk Ht1 +D19,/ H+$, lv qrw wkh wuxh dpsolwxgh ri wkh hohfwulf �hog1 Rqh kdv wr

eh fduhixo zkhq frqyhuwlqj H+$, wr wkh srzhu ghqvlw|1

Lq Vhf1 41615 wkh qrqolqhdu vxvfhswlelolw| ri txduw} "
E2�
^ gl�huv iurp wkh g�� fr0

h�flhqw e| d wrwdo idfwru ri 7 ^Ht1 +419,` ehfdxvh "
E2�
^ lv iru VIJ zlwk Ht1 +D19, dv wkh

frqyhqwlrq iru wkh �hog dpsolwxgh zkloh g�� zdv phdvxuhg e| VKJ zlwk Ht1 +D1:, dv wkh

frqyhqwlrq1

Wkhuh*v |hw dqrwkhu frqyhqwlrq lvvxh/ dqg wklv lv iru wkh PNV xqlwv rqo|1 Wkhuh

duh dovr wzr frqyhqwlrqv lq wkh gh�qlwlrq ri "
E2�
��& ghshqglqj rq zkhwkhu ru qrw �f lv lqfoxghg

lq Ht1 +D14,1 Lq wklv wkhvlv L kdyh lqfoxghg �f lq Ht1 +D14,/ dv vhhpv pruh frpprq lq wkh

olwhudwxuh1 Qrwh wkdw rqh sdshu ri rxuv/ Uhi1 ^;`/ xvhg wkh rwkhu frqyhqwlrq1 Wkhuhiruh doo

wkh ydoxhv ri "
E2�
��& lq wkdw sdshu zhuh gl�huhqw iurp wkrvh lq Uhi1 ^<` e| d idfwru ri �f1
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Wkh O�� idfwruv lq Ht1 +416, duh wkh wudqvplvvlrq Iuhvqho frh�flhqwv uhodwlqj wkh

�hog frpsrqhqwv lq dq lqsxw ru rxwsxw ehdp wr wkh fruuhvsrqglqj rqhv lq wkh lqwhuidfldo

od|hu ^5/ 453`1 Iru dq lqwhuidfh ehwzhhq wzr frqwlqxrxv phgld zlwk glhohfwulf frqvwdqwv ��

dqg �2/ zh kdyh

Off+$�, @
5��+$�,n2~+$�,

�2+$�,n�~+$�, . ��+$�,n2~+$�,
>

Ot t +$�, @
5n�~+$�,

n�~+$�, . n2~+$�,
>

O~~+$�, @
5��+$�,�2+$�,n�~+$�,

�2+$�,n�5+$�, . ��+$�,n2~+$�,
�

4

��+$�,
> +E14,

zkhuh ��+$�, lv dq hpslulfdo glhohfwulf frqvwdqw ri wkh vxuidfh prqrod|hu dw $�1 Wkh sk|vlfdo

phdqlqj ri ��+$�, zloo eh glvfxvvhg lq Dsshqgl{ F1

Wkh Iuhvqho idfwruv iru wkh vxuidfh ri d wklq �op frdwhg rq d vxevwudwh duh voljkwo|

pruh frpsolfdwhg1 Ghwdlov fdq eh irxqg lq wkh dsshqglfhv ri Uhi1 ^:5`1 Lq Fkds1 6/

krzhyhu/ wkh frdwhg SYD �op wxuqv rxw wr kdyh olwwoh h�hfw rq wkh Iuhvqho idfwruv ehfdxvh

wkh wklfnqhvv ri wkh SYD �op lv rqo| �63 qp/ pxfk ohvv wkdq dq rswlfdo zdyhohqjwk/ dqg wkh
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uhiudfwlyh lqgh{ ri SYD lv qrw wrr gl�huhqw iurp wkdw ri wkh ixvhg vlolfd vxevwudwh1 Wkhuhiruh

zh fdq xvh wkh fdofxodwhg Iuhvqho idfwruv olvwhg lq Wdeoh 614 iru wkh dlu2ixvhg txduw} lqwhuidfh

dv d jrrg dssur{lpdwlrq1

Dv glvfxvvhg lq Vhf1 416/ iru exulhg lqwhuidfhv ru VIJ lq wkh wudqvplwwhg gluhfwlrq/

wkh Iuhvqho idfwruv pxvw vwloo eh gh�qhg dv wkh frh�flhqwv uhodwlqj wkh �hog dw wkh lqwhuidfh

wr wkh �hog ri wkh lqsxw ru rxwsxw ehdp lq dlu ru ydfxxp1 Lq sduwlfxodu/ iru d exulhg lqwhuidfh

zlwk d wklfn fryhu od|hu/ zh pd| qhjohfw pxowl0uh�hfwlrq dqg fdofxodwh wkh Iuhvqho idfwruv lq

d _fdvfdghg% idvklrq wr wdnh lqwr dffrxqw wkh h�hfw ri vxuidfh uh�hfwlrq dqg uhiudfwlrq1 Ohw

xv wdnh wkh vlolfd2lfh lqwhuidfh +Vhf1 51815, dv dq h{dpsoh1 Lq wklv fdvh/ wkh ryhudoo Iuhvqho

idfwru zrxog eh

O�� @ O��+dlu$ vlolfd,� O��+vlolfd$ lfh, = +E15,

Khuh O��+dlu$ vlolfd, lv wkh Iuhvqho idfwru uhodwlqj wkh �hog lq dlu wr wkh �hog lq vlolfd/ dqg

O��+vlolfd$ lfh, lv wkh Iuhvqho idfwru uhodwlqj wkh �hog lq vlolfd wr wkh �hog dw wkh vlolfd2lfh

lqwhuidfh1
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Lq wkh wkhru| ri vxuidfh qrqolqhdu rswlfdo vshfwurvfrs| zh kdyh lqwurgxfhg d glhohf0

wulf frqvwdqw �� iru wkh vxuidfh od|hu/ zklfk dsshduv lq wkh Iuhvqho idfwru O~~ lq Ht1 +E14,1

Iurp wkh wkhruhwlfdo srlqw ri ylhz/ wkh glhohfwulf frqvwdqw lv qrw zhoo gh�qhg iru d prqrod|hu

ehfdxvh lw lv d pdfurvfrslf ru phvrvfrslf surshuw|1 Krzhyhu/ �� fdq eh lqwhusuhwhg dv d

uhvxow ri wkh plfurvfrslf orfdo0�hog fruuhfwlrq lq d prqrod|hu ^88/ 454`1

Zh frqvlghu d vxuidfh prqrod|hu ri prohfxohv dw dq lqwhuidfh ehwzhhq wzr ph0

gld zlwk glhohfwulf frqvwdqwv �� dqg �21 Wkh orfdo �hog frpsrqhqwv h{shulhqfhg e| wkhvh

prohfxohv duh

H
EwLU�
f

@ offOffHf >

H
EwLU�
t

@ ot t Ot tHt >

H
EwLU�
~

@ o~~O~~H~ > +F14,
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zkhuh o�� ghqrwhv wkh plfurvfrslf orfdo0�hog fruuhfwlrq idfwru/ O�� lv wkh Iuhvqho ru pdfur0

vfrslf orfdo0�hog idfwru +gh�qhg e| Ht1 +E14, exw zlwkrxw wkh idfwru �

"�
,/ dqg H� lv wkh hohfwulf

�hog frpsrqhqw ri wkh lqfrplqj dqg rxwjrlqj rswlfdo sodqh zdyhv1 Li off @ ot t @ o8 dqg

o~~ @ oz/ wkh wrwdo orfdo0�hog idfwruv lqfoxglqj erwk pdfurvfrslf dqg plfurvfrslf h�hfwv

duh

Iff @ offOff @ o8
5��n2~

�2n�~ . ��n2~
>

It t @ ot t Ot t @ o8
5n�~

n�~ . n2~
>

I~~ @ o~~O~~ @ oz
5���2n�~

�2n�~ . ��n2~
= +F15,

Zh qrwlfh wkdw I�� gl�huv iurp O�� lq Ht1 +E14, rqo| e| d frpprq idfwru o8 li zh gh�qh

�� @
o8

oz
= +F16,

Lw kdv ehhq vkrzq wkdw wkh ydoxh ri �� gh�qhg wklv zd| lv xvxdoo| ehwzhhq 4 dqg wkh exon gl0

hohfwulf frqvwdqw � ^88`1 Wkh sk|vlfdo phdqlqj ri �� qrz ehfrphv fohdu> lw lv vlpso| wkh udwlr

ri o8 wr oz1 E| lqwurgxflqj wkh idfwru �

"�
lq Ht1 +E14,/ zh kdyh sduwldoo| lqfoxghg wkh plfur0

vfrslf orfdo0�hog fruuhfwlrq1 Wr kdyh lw ixoo| lqfoxghg/ wkh vxuidfh ghqvlw| Q5 lq Htv1 +51;,/

+51<,/ +617,/ +61:,/ +8148, dqg +8149, vkrxog doo eh uhsodfhg zlwk Q5o8+$r,o8+$�,o8+$2,1 Wkh

dgglwlrqdo idfwru o8+$r,o8+$�,o8+$2, lv xvxdoo| qhjohfwhg vlqfh lw kdv qr h�hfw rq rxu ghgxf0

wlrq ri wkh rulhqwdwlrqdo glvwulexwlrq ixqfwlrq i+,1

D vlpsoh vode prgho zdv suhvhqwhg lq wkh dsshqgl{ ri Uhi1 ^88` wr rewdlq dq

hvwlpdwh ri �� dqg o81 Iru wkh vxuidfh ri d phglxp zlwk d exon glhohfwulf frqvwdqw �/ wklv

vode prgho jlyhv

oz @
5�. 4

6�
> +F17,
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o8 @
� . 8

9
> +F18,

�� @
�+� . 8,

7� . 5
= +F19,


